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H
ydrogeologic A

tlas of A
quifers in Indiana

B
y Joseph M

. Fenelon, K
eith E. B

obay, and others

A
bstract

A
quifers in 12 river basins (w

ater-m
anage 

m
ent basins) in Indiana are identified in a series of 

104 hydrogeologic sections and 12 m
aps. D

etails 
of w

ater-bearing units, including a generalized 
potentiom

etric surface, are derived from
 logs of 

m
ore than 4,200 w

ells along 3,500 m
iles of section 

lines. L
ogs w

ere obtained from
 w

ater-w
ell records, 

oil- and gas-w
ell com

pletion reports, coal-drilling 
records, and observation-w

ell records. W
ell logs 

generally are plotted at 0.5- to 2-m
ile intervals. 

H
ydrogeologic sections are spaced 6 to 20 m

iles 
apart. T

he horizontal scale of the sections is 
1:250,000; vertical scale is greatly exaggerated. 
T

he scale of the m
aps depicting aquifers is 

1:500,000. A
quifer m

aps are based on inform
ation 

from
 hydrogeologic sections and from

 previous 
studies. W

here a type of aquifer w
as less than 

15 square m
iles in areal extent, it w

as not m
apped 

because of scale lim
itations. T

ypes of aquifers 
depicted in the illustrations include unconsolidated 
and bedrock aquifers.

U
nconsolidated aquifers are the m

ost w
idely 

used aquifers in Indiana. T
ypes of unconsolidated 

aquifers include surficial, buried, and discontinuous 
layers of sand and gravel. M

ost of the surficial sand 
and gravel is located in large outw

ash plains in 
northern Indiana and along the m

ajor rivers in the 
southern tw

o-thirds of the State. B
uried sand and 

gravel aquifers underlie m
uch of the northern tw

o- 
thirds of Indiana, w

here they are typically inter- 
bedded w

ith till deposits and can be 10 to 400 ft 
deep. D

iscontinuous sand and gravel deposits are

present as isolated lenses, prim
arily in glaciated 

areas.W
ells com

pleted in the bedrock aquifers 
generally have low

er yields than w
ells in m

ost of 
the sand and gravel aquifers, but the bedrock 
aquifers are areally w

idespread and a m
ajor source 

of w
ater for m

any dom
estic users and som

e large 
users of ground w

ater. C
arbonate rocks (lim

estone 
and dolostone); sandstones; com

plexly interbedded 
sandstone, siltstone, shale, lim

estone, and coal; and 
an upper w

eathered zone in low
 perm

eability rocks 
com

prise the types of bedrock aquifers. A
quifers in 

carbonate rocks of Silurian, D
evonian, and M

issis- 
sippian age underlie about one-half of Indiana and 
are the m

ost im
portant of the bedrock aquifers in 

term
s of yield and areal extent. T

he other principal 
type of bedrock aquifer is sandstone, w

hich under 
lies large areas in the southw

estern one-fifth of 
Indiana. T

he m
apped sandstones are located w

ithin 
deposits of com

plexly interbedded sandstone, silt- 
stone, shale, lim

estone, and coal of M
ississippian 

and Pennsylvanian age. T
hese com

plex deposits 
yield sm

all quantities of w
ater of variable quality, 

but they are im
portant if they are the only available 

aquifer in a particular area. T
he rem

aining bedrock 
aquifer, w

hich is used w
hen it is the sole source of 

w
ater for an area, is an upper w

eathered zone 
developed prim

arily in siltstone and shale of M
is 

sissippian and D
evonian age and, to a lesser extent, 

in som
e of the shale and lim

estone of O
rdovician 

age. N
o aquifer is m

apped in the southeastern 
corner of Indiana, w

hich is underlain by shale and 
lim

estone of O
rdovician age.

IN
TR

O
D

U
C

TIO
N

G
round w

ater is the source of drinking w
ater for 

nearly 60 percent of the residents of Indiana. A
pproxi 

m
ately 425 com

m
unity w

ater system
s, 3,000 noncom

- 
m

unity w
ater system

s, 500 m
obile-hom

e parks, and 
500,000 private hom

es are supplied by w
ells (Indiana 

D
epartm

ent of E
nvironm

ental M
anagem

ent, 1990, 
p. 223; Indiana D

epartm
ent of N

atural R
esources, 

1989, w
ritten com

m
un.). In addition to drinking-w

ater 
supplies, ground w

ater is w
ithdraw

n for energy 
production, irrigation, and industrial, com

m
ercial, and 

agricultural uses. 
In 1991, about 204 B

gal (billion 
gallons) of ground w

ater, or a daily average of 
559 M

gal (m
illion gallons), w

as w
ithdraw

n. 
T

he 
com

bined capability of registered ground-w
ater w

ith 
draw

al facilities in 1991 w
as 3,540 M

gal/d (m
illion 

gallons per day) (Indiana D
epartm

ent of N
atural 

R
esources, 1993, w

ritten com
m

un.).

G
round w

ater is an im
portant and abundant 

natural resource in Indiana; how
ever, detailed m

aps 
and descriptions of the m

ajor aquifers1 that pertain to 
the entire State have not been available. Published 
reports are currently lim

ited to county-w
ide studies, a 

few
 basin studies, detailed site-specific investigations, 

and large-scale m
aps and assessm

ents of the aquifers 
in the State.

T
he Indiana G

round-W
ater Protection and 

M
anagem

ent Strategy lists the delineation and 
m

apping of aquifers as a prim
ary need (Indiana 

D
epartm

ent of E
nvironm

ental M
anagem

ent, 1987).

T
erm

s in bold are defined in the "D
efinitions of Selected 

T
erm

s" at the back of this report

T
he Strategy states that nearly all aspects of ground- 

w
ater regulation, research, and utilization in the public 

and private sectors can benefit from
 m

aps and descrip 
tions of the aquifers in the State. T

herefore, one of the 
short-term

 goals of the strategy w
as the creation of a 

ground-w
ater atlas of Indiana that w

ould identify 
generic aquifers on a large scale (Indiana D

epartm
ent 

of E
nvironm

ental M
anagem

ent, 1987, p. 5). T
he term

 
"generic" w

as used to im
ply that aquifers do not neces 

sarily conform
 to geologic age, group, or form

ation.

In response to the need for such an atlas, the 
U

.S. G
eological Survey (U

SG
S), in cooperation w

ith 
the Indiana D

epartm
ent of N

atural R
esources (ID

N
R

) 
and the Indiana D

epartm
ent of E

nvironm
ental 

M
anagem

ent (ID
E

M
), prepared a series of hydrogeo 

logic sections and m
aps that identify aquifers in 12 

w
ater-m

anagem
ent basins of Indiana (fig. 1).

Purpose and Scope

T
his atlas describes and delineates aquifers in 

the L
ake M

ichigan, St. Joseph R
iver, K

ankakee R
iver, 

M
aum

ee R
iver, U

pper W
abash R

iver, M
iddle W

abash 
R

iver, L
ow

er W
abash R

iver, W
hite R

iver, E
ast Fork 

W
hite R

iver, W
hitew

ater R
iver, Patoka R

iver, and 
O

hio R
iver w

ater-m
anagem

ent basins in Indiana. T
he 

hydrogeologic sections w
ere constructed at a hori 

zontal scale of 1:250,000, w
hereas the m

aps w
ere 

draw
n at a scale of 1:500,000. T

he vertical scale of the 
sections is greatly exaggerated. A

lso included are 
m

aps that show
 the location of the hydrogeologic 

section lines, the thickness of unconsolidated deposits 
(from

 G
ray, 1983), and the bedrock geology (from

 
G

ray and others, 1987) for each basin at a scale of 
1:500,000.

In
tro

d
u

ctio
n
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Figure 1. The 12 water-management basins of Indiana.



A
s defined in this atlas, an aquifer is a geologic 

form
ation, group of form

ations, or part of a form
ation 

that contains sufficient saturated perm
eable m

aterial 
to yield quantities of potable w

ater adequate for 
dom

estic purposes (L
ohm

an and others, 1972, p. 2). 
L

ocation and delineation of aquifers throughout 
Indiana is the prim

ary goal of this atlas. T
ypes of 

aquifers are distinguished by lithology, thickness, 
depth, and continuity.

T
he hydrogeologic sections and areal m

aps can 
be used to understand and evaluate aquifer system

s on 
a regional scale. T

his regional evaluation can then be 
used as a base for site-specific studies. T

he sections 
and m

aps, how
ever, do not replace site-specific 

hydrogeologic data. 
T

he w
ell logs used to plot 

sections w
ere obtained from

 a 2 m
ile-w

ide path that 
bounded the traces of the sections. T

hus, the data 
show

n at a given location m
ight not represent site- 

specific hydrogeology.

A
 glossary of hydrogeologic term

s used herein is 
at the end of this report. B

edrock geologic nam
es in 

this report follow
 the nom

enclature of Shaver and 
others (1986).

Previous Studies

T
he ground-w

ater resources of Indiana have 
been studied by m

any authors since the early 1900's. 
H

arrell (1935) described the general physiographic 
features, hydrology, geology, and ground-w

ater 
resources of each county in the State. B

echert and 
H

eckard (1966) discussed the availability, flow
, 

quality, and uses of ground w
ater in Indiana. B

loyd 
(1974) sum

m
arized the ground-w

ater resources of a 
region that includes greater than 80 percent of Indiana 
and provided regional estim

ates of hydraulic conduc 
tivity, specific yield, storage, recharge, and current 
and projected w

ithdraw
als. C

lark (1980) characterized 
the availability, use, regulation, and future needs of 
ground w

ater in Indiana. 
G

eosciences R
esearch 

A
ssociates, Inc. (1982) sum

m
arized the "potential 

yield capability" and the w
ater quality of the m

ajor 
bedrock hydrostratigraphic units in the State. 

T
he 

U
SG

S (1988, p. 245-250) described the w
ater quality 

of the principal aquifers of Indiana. T
he U

SG
S is

studying the flow
 and w

ater quality in the regional 
carbonate bedrock and glacial aquifer system

 in 
Indiana (B

ugliosi, 1990; C
asey, 1992; Schnoebelen, 

1992).T
he location and extent of ground-w

ater 
resources or aquifers in Indiana have been m

apped by a 
few

 authors. B
echert and H

eckard (1966, p. 109) 
m

apped the availability of ground w
ater on the basis of 

yields from
 "properly sized and developed" w

ells in 
eight ground-w

ater provinces of Indiana. 
G

ray (1973) 
m

apped the general location and described "the 
principal resource units in ground-w

ater production" 
for Indiana. 

C
lark (1980, p. 33) updated the ground- 

w
ater availability m

ap of B
echert and H

eckard using 
seven potential yield categories that w

ere devised from
 

a "range of probable m
axim

um
 yields w

hich can be 
expected from

 a properly constructed large-diam
eter 

w
ell penetrating the full thickness of the aquifer." 

G
eosciences R

esearch A
ssociates, Inc. (1982) m

apped 
the structure and contour of the m

ajor bedrock hydro 
stratigraphic units in Indiana on the basis of geologic 
age and form

ation. 
T

he U
SG

S (1985, p. 207) m
apped 

the principal aquifers of Indiana as glaciofluvial, 
glacial outw

ash, sand and gravel lenses in till of 
W

isconsinan age, carbonate rocks of M
ississippian 

age, and carbonate rocks of Silurian and D
evonian age 

(1:5,000,000 scale); how
ever, a large area of south 

w
estern and south-central Indiana w

as m
apped as 

being w
ithout a principal aquifer.

T
he Indiana D

epartm
ent of N

atural R
esources is 

preparing w
ater-resource availability studies for the 12 

w
ater-m

anagem
ent basins in Indiana. Published 

reports are currently (1990) available for the St. Joseph 
R

iver, W
hitew

ater R
iver, and K

ankakee R
iver basins. 

T
hese reports include m

aps that show
 the extent of 

aquifers, com
posite potentiom

etric surface m
aps for 

unconsolidated and bedrock aquifers, a discussion of 
hydrogeologic characteristics, and inform

ation on 
ground-w

ater quality and use. T
his atlas differs from

 
these studies in the m

ethod used to delineate and nam
e 

aquifers (generic aquifer types as com
pared to form

al 
aquifer nam

es for different geologic settings) and in the 
em

phasis on the vertical distribution of the aquifers as 
show

n in m
any detailed hydrogeologic sections.
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T
he physical setting of Indiana, w

hich includes 
the physiography, clim

ate, and geology, controls the 
distribution, availability, and flow

 of ground w
ater.

Physiography

Indiana has been divided into 13 m
ajor physio 

graphic units (fig. 2) on the basis of sim
ilarities in topo 

graphy and geology (Schneider, 1966, p. 41). T
he 13 

units occupy 3 broad physiographic zones that trend in 
an east-w

est direction across the State. T
he zones are the 

N
orthern L

ake and M
oraine R

egion, the C
entral D

rift 
Plain, and a southern zone dom

inated by bedrock 
landform

s.

T
he N

orthern L
ake and M

oraine R
egion is subdi 

vided into five lake (lacustrine) or m
orainal units: the 

C
alum

et L
acustrine Plain, the V

alparaiso M
orainal A

rea, 
the K

ankakee O
utw

ash and L
acustrine Plain, the

Person is no longer em
ployed w

ith the agency.

Steuben M
orainal L

ake A
rea, and the M

aum
ee L

acus 
trine Plain (fig. 2). A

 variety of glacial and postglacial 
landform

s are in this 8,500 m
i2 area. G

lacial deposi- 
tional features include end m

oraines, till plains, outw
ash 

plains and valley trains, kam
es, and lake plains. T

hese 
landform

s have a diverse m
ix of sedim

ents w
ith highly 

variable hydrogeologic properties and num
erous litho- 

logic discontinuities. R
elated postglacial landform

s 
include the m

any lakes of northeastern Indiana, the sand 
dunes along L

ake M
ichigan, and peat bogs (Schneider, 

1966, p. 40-42). Principal m
oraines and the extent of 

glaciation in Indiana are show
n in figure 3.

T
he T

ipton T
ill Plain, or C

entral D
rift Plain, is a 

nearly flat glacial till plain covering central Indiana 
(fig. 2). T

his area of about 12,000 m
i 

is underlain by 
thick till and has been slightly eroded by postglacial 
stream

s. M
ost of the boundary betw

een the T
ill Plain 

and the southern physiographic units coincides w
ith the 

m
axim

um
 extent of W

isconsinan glaciation, except in 
southeastern Indiana w

here the physiographic boundary 
is north of the W

isconsinan glacial boundary. T
he south 

eastern Indiana boundary w
as arbitrarily draw

n along the 
edge of a broad transitional zone of thin glacial drift that 
does not obscure the bedrock physiography (Schneider, 
1966, p. 40,49).

Seven physiographic units com
posed of different 

bedrock types com
prise 15,500 m

i2 in the southern one- 
third of the State (fig. 2). The bedrock is prim

arily 
sandstone, shale, siltstone, lim

estone, and dolom
ite. T

he 
physiographic units generally trend north-northw

est 
follow

ing the strike of the bedrock. From
 east to w

est, 
the units are called the D

earborn U
pland, the M

usca- 
tatuck R

egional Slope, the Scottsburg L
ow

land, the 
N

orm
an U

pland, the M
itchell Plain, the C

raw
ford 

U
pland, and the W

abash L
ow

land (Schneider, 1966, 
p. 42-49). T

hese southern units represent a sharply 
divided, alternating series of uplands and low

lands or 
plains. L

arge parts of the W
abash L

ow
land, C

raw
ford 

U
pland, M

itchell Plain, and N
orm

an U
pland w

ere not 
glaciated during the Pleistocene E

poch. A
ll seven 

bedrock physiographic units extend further north than 
show

n in figure 2 but w
ere buried by glacial deposits 

(Schneider, 1966, p. 54). B
uried erosional surfaces of 

these units are evident in the hydrogeologic sections 
presented later in this report.
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The distribution of bedrock types and erosional 
characteristics determ

ines the topography of the bedrock, 
w

hich affects the thickness of unconsolidated deposits. 
T

hick glacial sedim
ents are present beneath m

oraines 
and in buried bedrock valleys. In the southern one-third 
of the State, unconsolidated deposits are thin and discon 
tinuous, especially beyond the m

axim
um

 extent of glaci- 
ation. The distribution, thickness, and hydraulic con 
ductivity of these unconsolidated deposits control the 
near-surface occurrence and flow

 of ground w
ater 

(K
rothe and K

em
pton, 1988, p. 129).

C
lim

ateC
lim

ate in Indiana is tem
perate w

ith w
arm

 
sum

m
ers, cold w

inters, and no distinguishable w
et or dry 

seasons. Precipitation is w
ell-distributed throughout the 

year, although precipitation is som
ew

hat greater during 
M

arch through July because of increased frequency and 
intensity of show

ers and thunderstorm
s. The average 

length of the grow
ing season, or freeze-free period, 

ranges from
 173 days in northeastern Indiana to 199 days 

in southw
estern Indiana (N

ational O
ceanic and 

A
tm

ospheric A
dm

inistration, 1988).

The interaction of tropical and polar air m
asses 

over Indiana norm
ally results in abundant precipitation; 

how
ever, tem

perature and precipitation vary consid 
erably from

 year to year depending on the frequency of 
storm

s and frontal passages (N
ational O

ceanic and 
A

tm
ospheric A

dm
inistration, 1988). A

verage annual 
precipitation in Indiana ranges from

 44 inches in the 
south to 36 inches in the northeast; average annual 
snow

fall ranges from
 10 inches in the south to 40 inches 

in northern Indiana. A
verage annual tem

perature ranges 
from

 50° F in the north to 56° F in the southw
est. 

M
onthly evapotranspiration can be as m

uch as 8 inches 
in southern Indiana in July (N

ational O
ceanic and 

A
tm

ospheric A
dm

inistration, 1988; Schaal, 1966; 
V

isher, 1944, p. 450-461).

G
eologyThe regional structural features of Indiana bed 

rock include the Illinois B
asin, the M

ichigan B
asin, and 

the C
incinnati A

rch (fig. 4). The tw
o basins form

 the 
flanks of a saddle-like structure com

posed of the C
in 

cinnati A
rch and its branches, the K

ankakee A
rch and 

the Findlay A
rch (in O

hio). The dip of the rocks into the

tw
o basins is about 10 to 30 ft/m

i, although the dip can 
be less than 5 ft/m

i at the top of the arches. R
ocks of 

O
rdovician, Silurian, D

evonian, and M
ississippian age 

crop out or are present as subcrops in both of the deposi- 
tional basins, w

hereas rocks of Pennsylvanian age are 
present in Indiana only in the Illinois B

asin. The older 
rocks are typically present on the crest of the arch; the 
progressively younger rocks are present in each of the 
basins. Individual beds in m

any form
ations are thin at 

the crest, but they thicken along the flanks and into the 
basins (G

utschick, 1966, p. 7-12). A
 geologic chart 

including age, group or stage, selected form
ations, and 

hydrogeologically im
portant m

em
bers or m

arker beds in 
Indiana is show

n in figure 5.

R
ocks of the Precarnbrian crystalline basem

ent 
com

plex are found at estim
ated depths of 3,000 to 

6,000 ft in the northeastern tw
o-thirds of Indiana and 

6,000 to 14,000 ft in the southw
estern one-third (R

upp, 
1991). O

verlying the Precarnbrian bedrock is a C
am

 
brian section of sandstone w

ith lesser am
ounts of 

siltstone, and shale that is approxim
ately 1,000 ft thick in 

eastern Indiana to 3,000 ft thick in northw
estern Indiana. 

The C
am

brian rock com
poses about one-third of the 

Paleozoic section in Indiana (Shaver and others, 1986, 
p. 119). O

verlying the C
am

brian rock is 20 to 4,500 ft of 
L

ow
er O

rdovician dolom
ite (Shaver and others, 1986, 

p. 70). The dolom
ite thickens tow

ard the southw
estern 

part of the State. The L
ow

er O
rdovician dolom

ite is 
unconform

ably overlain by 50 to m
ore than 450 ft of 

dolom
ite, lim

estone, and sandstone of M
iddle O

rdo 
vician age (Shaver and others, 1986, p. 4).

Late O
rdovician shale and lim

estone is exposed at 
the bedrock surface over large areas in southeastern 
Indiana (fig. 6). The shale and lim

estone range in 
thickness from

 approxim
ately 500 ft in northw

estern 
Indiana to 1,500 ft in southeastern Indiana (Shaver 
and others, 1986). 

T
he shale and lim

estone are 
unconform

ably overlain by Silurian lim
estone and 

dolom
ite. 

T
he Silurian rocks are present as subcrops 

or outcrops in east-central to northw
estern Indiana 

(fig. 6), prim
arily along the axis of the C

incinnati 
A

rch and the K
ankakee A

rch (fig. 4). 
The Silurian 

rocks generally range from
 200 to 600 ft in thickness, 

except in the southeastern part of the State, w
here 

they w
ere com

pletely eroded. L
arge areas of car 

bonate platform
 and reef banks are present in these 

carbonate rocks along the flanks of the arches.

KLOhETERS

B
ase from

 U
.S. G

eological S
urvey 

S
tate B

ase M
ap, 1:500,000, 1974

Figure 4. R
egional structural features in Indiana.
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GEOLOGIC 
AGE

QUATERNARY

PENNSYLVANIAN

MISSISSIPPIAN

DEVO 

NIAN

SILURIAN

ORDOVICIAN

CAMBRIAN

PRE- 

CAMBRIaN

Series or Group

Holocene
<u 
J Wlsconsinon 
u o
tn
v Pre   Wisconsinon

Q_

McLeonsboro Group

Corbondale Group

Raccoon Creek Group

Buffalo Wollow Group

Stephensport Group

West Boden Group

Blue River Group

Senders Group

Borden Group

Muscatatuck Group

Solina Group
Boinbridge Group (Southwest Indiono)

Maquoketo Group

Block River Group

Ancell Group

Knox 
Supergroup

Munising Group

Selected Formations

.. . _ . Lagro Formotion 
Wedron Formotion T , , r 

Trofolgor Formotion

Jessup Formotion

Mattoon Formotion 

Bond Formotion 

Potoko Formation 

Shelburn Formation

Dugger Formotion 

Petersburg Formotion 

Linton Formotion

Staunton Formotion 

Brozil Formotion 

Mansfield Formation

Tar Springs Formotion

Glen Deon Limestone 
Hardinsburg Formation 
Honey Limestone 
Big Clifty Formotion 
Beech Creek Limestone

Pooli Limestone 
Ste. Genevieve Limestone 
St. Louis Limestone

Edwordsville Formotion 
Spickert Knob Formotion 
New Providence Shale

Selected Members

Merom Sandstone Member 

St. Wendel Sandstone Member

1 nglefield Sandstone Member

West Fronklin Limestone Member 
Busseron Sandstone Member

Danville Coal Member (Caal VII) 
Anvil Rock Sandstone Member 
Hymero Cool Member (Cool VI)

Springfield Cool Member (Coal V)

Survant Caal Member (Coal IV) 
Coxville Sandstone Member

Seelyville Cool Member (Coal III)
Upper Block Coal Member 
Lower Block Cool Member 
Buffoloville Cool Member

Rockford Limestone .   
/Coldwoter Shale

Northern Indiono only < Sunbury Shale Southern Indiana <fNew Albany Shale 
\ Ellsworth Shale 
\Antrim Shole

Traverse Formotion (Northern Indiono) 

Jeffersonville Formotion (Southern Indiana] Genevo Dolomite Member

Wobosh Formation Mississinewa Shale Member

Northern /^Klh^.' '""" Southern ^FX «  
Indiana ^^^^0^ Indiana ^,^0^ Somite

Sexton Creek Limestone Brossfield Limestone

/^Whitewoter Formotion 
Pndia^ 316" < Dillsboro Formation 

\Kope Formation

Trenton Limestone Lexington Limestone (Southeastern Indiono)

Joachim Dolomite St. Peter Sandstone

Franconia Formation 
1 ronton Sandstone 
Galesville Sandstone 
Eau Cloire Formation

Mt. Simon Sandstone

Bosement Complex- -Includes granite, basolt, ond orkose of Middle Proterozoic age

Figure 5. Geologic chart showing geologic age, group, and selected formations and members (geologic 

names from Shaver and others, 1986).
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A
quifers traversed by perennial stream

s 
com

m
only contain thick, extensive sand and gravel 

deposits that can produce large quantities of w
ater. 

T
hese aquifers are generally bounded by the flood- 

plain edge or by valley terraces. T
he hydraulic 

conductivity of sand and gravel buried in till or in 
buried bedrock valleys m

ay be sim
ilar to these river- 

channel deposits, but recharge to the buried aquifers 
can be restricted by overlying sedim

ents. 
In addition, 

buried sand and gravel deposits in till and preglacial 
valleys can be discontinuous and difficult to trace 
because of their com

plex depositional environm
ents 

(R
osenshein, 1988, p. 167). T

herefore, these buried 
deposits typically are less productive than the surficial 
deposits. T

he m
ost productive carbonate rock aquifers 

contain large areas of solution openings along vertical 
joints and bedding planes as show

n in figure 9. 
Sim

ilarly, sandstone aquifers are m
ost productive 

w
here heavily jointed or fractured along bedding 

planes or w
here intergranular spaces have not been 

com
pletely filled by cem

enting m
aterials. M

any 
sedim

entary rocks such as lim
estone, shale, and 

sandstone have m
ore vertical joints near the ground 

surface than at depth. T
his distribution of joints in the 

upper w
eathered zone tends to increase hydraulic 

conductivity locally by at least an order of m
agnitude. 

T
he hydraulic conductivity of m

ost fractured rocks 
decreases rapidly w

ith depth (D
avis, 1988, p. 324). 

C
oals can function as aquifers w

here fractures or cleats 
are w

ell developed, resulting in increased hydraulic 
conductivity. Shales typically are not considered to be 
aquifers, because fractures in shale tend to be sm

all 
and closely spaced, causing the hydraulic conductivity 
of the shale to be less than for m

ost other rocks (H
eath, 

1984, p. 13; Todd, 1980, p. 38-41); how
ever, in som

e 
cases, bedding-plane partings can create rather large 
horizontal hydraulic conductivities in shale.

G
eneral rates of ground-w

ater flow
 through 

geologic m
aterial can range from

 a few
 feet per second 

to less than a few
 feet per year (Todd, 1980, p. 92), 

although rates are typically on the order of a few
 feet 

to a few
 hundred feet per year. G

round-w
ater flow

 can 
have three separate com

ponents: local, interbasin, and 
regional. A

 schem
atic diagram

 of local and regional 
ground-w

ater discharge and recharge is show
n in

A. 
Pores in unconsolidated sand and gravel

I 
J
-.J

L
-.-L

.J
. 

, 
I.

B. 
C

averns and other solution-enlarged 

openings in lim
estone
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C. 
Fractures in sedim

entary rock

Figure 9. Types of openings in selected 
aquifers (m

odified from
 H

eath, 1988).

figure 10. G
round-w

ater recharge is from
 precipi 

tation, stream
 infiltration, infiltration from

 runoff and 
overland flow

, and flow
 from

 adjoining aquifers. 
G

round-w
ater discharge is by flow

 into surface w
ater, 

evapotranspiration, and flow
 into adjoining aquifers. 

L
ocal ground-w

ater flow
 in shallow

 unconsolidated 
aquifers tends to be nearly horizontal, reflecting the 
surface topography, w

hereas regional flow
 patterns 

can range from
 sim

ple (as in figure 10) to com
plex 

depending on the hydro logic properties of the aquifer. 
T

he direction of ground-w
ater flow

 is determ
ined by 

the potentiornetric surface, an im
aginary surface repre 

senting the hydraulic head distribution in an aquifer. 
T

he hydraulic head is the level that w
ater w

ill rise in a 
properly constructed w

ell open to an aquifer. G
round 

w
ater flow

s from
 areas of high head to areas of low

 
head. H

ydraulic head consists of tw
o separate com

po 
nents: head due to elevation and head due to pressure. 
If elevation w

ere the only com
ponent, then all ground 

w
ater w

ould sim
ply flow

 from
 areas of high elevation 

to areas of low
 elevation (that is, dow

nhill). Pressure 
head, how

ever, is created by the w
eight of overlying 

w
ater on a w

ater particle. 
This pressure can create an 

upw
ard com

ponent in the ground-w
ater flow

 regim
e. 

U
pw

ard pressure is com
m

on near large rivers that 
function as regional ground-w

ater discharge areas.

G
round w

ater in m
ost surficial aquifers is at 

atm
ospheric pressure and is unconfm

ed. G
enerally 

w
ater only partly fills surficial aquifers, and w

ater 
levels in the saturated zone are free to rise and decline 
(H

eath, 1984, p. 6). A
ll w

ater pum
ped from

 an uncon- 
fined aquifer reaches the w

ell through gravity 
draining, and the w

ater is rem
oved from

 storage.

G
round w

ater in a confined aquifer fills the 
entire aquifer and is confined at higher than atm

o 
spheric pressure. T

he w
ater is confined by overlying 

rocks and sedim
ent that are substantially less perm

e 
able than the aquifer rocks. T

he pressure in a confined 
aquifer forces w

ater in a w
ell screened in the aquifer to 

rise above the top of the aquifer. T
he pressure gradient 

that m
oves w

ater in a confined aquifer to the pum
ped 

w
ell is created by the com

pression of the aquifer 
m

aterial and the expansion of the w
ater as w

ater is 
pum

ped from
 the aquifer. Som

e aquifers are under 
enough pressure to raise the potentiornetric surface

above the land surface; these w
ells are said to be 

"flow
ing" or "flow

ing artesian."

T
he direction of local ground-w

ater flow
 can be 

opposite from
 the direction of regional flow

, especially 
w

here aquifers are separated by geologic m
aterials 

w
ith low

 hydraulic conductivity. G
enerally, though, 

ground w
ater tends to discharge to topographically low

 
areas, such as rivers and w

etlands. D
ischarge areas 

com
m

only cover 5 to 30 percent of the surface area of 
a w

atershed (Freeze and C
herry, 1979, p. 195-200).

G
round-W

ater W
ithdraw

als

M
ost of Indiana has plentiful ground-w

ater 
resources. T

he aquifers of Indiana contain approxi 
m

ately 100,000 B
gal of w

ater (B
echert and H

eckard, 
1966, p. 106). Statew

ide ground-w
ater w

ithdraw
als in 

1991 w
ere only about 0.20 percent of this estim

ated 
am

ount in storage (Indiana D
epartm

ent of N
atural 

R
esources, 1993, w

ritten com
m

un.). A
t an average of 

39 in/yr, total annual precipitation in Indiana is about 
24,500 B

gal. A
nnual infiltration into Indiana aquifers, 

at 8 percent of precipitation, equals 1,960 B
gal/yr. 

T
herefore, 1991 w

ithdraw
als (204 B

gal) w
ere approxi 

m
ately 10 percent of annual recharge. N

early 
4,000 B

gal of w
ater is stored in the outw

ash and 
alluvial aquifers of the W

hite R
iver and E

ast Fork 
W

hite R
iver; estim

ated recharge to these aquifers is 
2,500 M

gal/d (B
loyd, 1974, p. 12). In the tw

o basins, 
w

ithdraw
als in 1991 w

ere about 6 percent of the 
recharge and only about 1 percent of the ground w

ater 
stored in the outw

ash and alluvial aquifers.

T
otal ground-w

ater w
ithdraw

als from
 registered 

facilities in Indiana in 1991 w
as 204 B

gal, or an 
average of 559 M

gal/d. W
ithdraw

als listed in table 1 
are show

n as totals and as daily averages (Indiana 
D

epartm
ent of N

atural R
esources, 1993, w

ritten 
cornrnun.). W

ithdraw
al-use categories in the table 

include energy, industrial, irrigation, public supply, 
rural supply, and m

iscellaneous. 
C

ategories not 
included in the table are dom

estic (self-supplied) and 
livestock. A

lso show
n in table 1 is the capability of 

registered facilities to w
ithdraw

 ground w
ater from

 
each basin. T

he w
ithdraw

al rates in table 1 reflect the 
dem

and for ground w
ater, the availability of ground 

w
ater, and the size and population of the basin.

P
hysical S

etting of Indiana 
11
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Table 1. 
G

round-w
ater w

ithdraw
als and pum

ping capability in Indiana, 1991
[W

ithdraw
al and pum

ping-capability data are from
 Indiana D

epartm
ent of N

atural R
esources, 1993, w

ritten
com

m
un.; M

gal, m
illion gallons; M

gal/d, m
illion gallons per day]

B
asin

W
hite R

iver

St. Joseph R
iver

M
iddle W

abash R
iver

U
pper W

abash R
iver

O
hio R

iver

K
ankakee R

iver

E
ast Fork W

hite R
iver

L
ake M

ichigan

L
ow

er W
abash R

iver

W
hitew

ater R
iver

M
aum

ee R
iver

Patoka R
iver TO

TA
L

D
aily 

(M
gal)

104.

87.1

84.7

74.8

55.9

55.3

39.2

19.4

17.5

11.5

9.34

.086

559

W
ithdraw

al

A
nnual 

(M
gal)

37,800

31,800

30,900

27,300

20,400

20,200

14,300

7,090

6,390

4,200

3,41031.5

204,000

P
um

ping capability

(M
gal/d)

524

607

366

518

263

574

25496.4

20653.6

81.6

0.3

3,540

are labeled w
ith a "d" on the sections. A

 few
 w

ells in 
each basin represent the com

bined lithologic data from
 

shallow
 w

ater-supply w
ell logs and nearby deep test- 

hole logs. T
hese com

bined w
ells are labeled as test 

w
ells on the hydrogeologic sections.

In the first five basins for w
hich hydrogeologic 

sections w
ere com

pleted (Lake M
ichigan, St. Joseph, 

M
aum

ee, U
pper W

abash, and L
ow

er W
abash), all 

sections w
ere oriented roughly perpendicular to the 

m
ajor surface-w

ater drainage in each basin to depict 
ground-w

ater discharge to surface w
ater. The 

rem
aining seven basins included one or m

ore sections 
perpendicular to the other sections in the basin. For 
convenience, m

ost hydrogeologic section lines run 
south to north or w

est to east. L
ogs of w

ells located 
w

ithin 1 m
i of a hydrogeologic-section line w

ere 
plotted at a density of one to three w

ells per m
ile.

W
ater levels show

n on w
ells in the cross sections 

represent the hydraulic head in the aquifer in w
hich the 

w
ell is com

pleted. Som
e of the w

ater levels are 
connected to represent the generalized potentiom

etric 
surface in an aquifer that is being tapped by a group of 
w

ells along the section. W
ater levels w

ere not 
indicated for all of the w

ells because they w
ere not 

available from
 all drillers' logs. The locations of all 

hydrogeologic sections presented in the atlas are show
n 

in figure 11. The num
ber of section lines, length of 

section lines, and num
ber of w

ells plotted for each 
section are listed in table 2.

T
he surface elevation show

n on the hydrogeo 
logic sections reflects the land surface at the w

ell and 
does not necessarily portray the true topographic relief 
along the section line. For exam

ple, all the w
ells in a 

certain area m
ight be located in a stream

 valley; no

w
ells can be plotted in adjacent uplands even though 

the uplands are w
ithin the 2-m

ile w
idth of the section 

line. Therefore, the surface topography depicts a valley 
and does not reflect the actual relief along the section 
line. The hydrogeologic sections are generally draw

n 
to a depth of 300 ft below

 the land surface or at least 
50 ft below

 the bedrock surface, w
hichever is greater. 

O
nly a sm

all percentage of the w
ater w

ells in the State 
are greater than 300 ft deep. Therefore, relatively little 
inform

ation at greater depths is available. Further 
m

ore, use of w
ater at depths greater than 300 ft is 

lim
ited by low

 yields and salinity (W
J. Steen, D

epart 
m

ent of N
atural R

esources, 1990, w
ritten com

m
un.; 

Indiana D
epartm

ent of E
nvironm

ental M
anagem

ent, 
1990, p. 223).

A
quifer types depicted in the hydrogeologic 

sections are sand and gravel, carbonate rock, sandstone, 
an upper w

eathered zone in low
 perm

eability rock, and 
interbedded bedrock m

aterial. M
ost bedrock w

as 
depicted as aquifer only w

here it is know
n to produce 

w
ater. (This inform

ation is available from
 drillers' logs 

and previous studies.) If the bedrock form
ations are 

potentially w
ater producing, then the m

aterial is 
m

apped as "aquifer potential unknow
n." M

uch of 
the com

plexly interbedded bedrock of M
ississippian 

and Pennsylvanian age, the w
eathered zones, and som

e 
of the Silurian and D

evonian carbonate rock w
as 

m
apped as "aquifer potential unknow

n" because of 
low

 yields, dry holes, or little know
ledge about the 

productivity of the m
aterial. A

lm
ost all the Silurian 

and D
evonian carbonate rock w

ithin 300 ft of land 
surface w

as depicted as aquifer even if no site-specific 
inform

ation w
as available to confirm

 its productivity. 
"A

quifer" and "aquifer potential unknow
n" are 

colored on the hydrogeologic sections, w
hereas 

bedrock nonaquifer m
aterial and areas of unknow

n 
geologic m

aterial are not colored. In som
e sections, 

part of a form
ation is denoted as aquifer, but the rest is 

denoted as "aquifer potential unknow
n" or non- 

aquifer that is, a specific form
ation need not be 

hydrogeologically uniform
 throughout its extent. 

U
nconsolidated m

aterial w
as grouped into tw

o broad 
hydraulic categories: (1) sedim

ents that have a 
relatively high hydraulic conductivity, such as sand and 
gravel; and (2) sedim

ents that have a relatively low
 

hydraulic conductivity, such as clay, silt, or m
ixed drift. 

M
any of the sand and gravel deposits are aquifers,

w
hereas the m

aterials of low
 hydraulic conductivity 

w
ere labeled as nonaquifer m

aterial. A
reas w

here the 
geology is unknow

n are indicated by question m
arks.

C
onstruction of A

quifer M
aps

The m
aps show

ing lateral extent and continuity 
of aquifer types are based on interpretations of the 
hydrogeologic sections, on previously published 
surficial and bedrock geology m

aps, and on infor 
m

ation available from
 previous studies of basin hydro- 

geology. 
The "Q

uaternary G
eologic M

ap of Indiana" 
(G

ray, 1989) w
as used to draw

 m
any of the surficial 

sand and gravel aquifers that w
ere confirm

ed by the 
hydrogeologic sections. B

edrock geologic m
aps (G

ray 
and others, 1987; G

eosciences R
esearch A

ssociates, 
Inc., 1982; G

ray, 1982) w
ere used to indicate the extent 

of bedrock aquifers and the approxim
ate boundaries 

w
here aquifers w

ere buried by m
ore than 300 ft of 

m
aterial.

The lithostratigraphic approach used in this 
study to define hydrogeologic settings resulted in seven 
aquifer types. Sand and gravel deposits are designated 
as surficial, buried, or discontinuous on the aquifer 
m

aps. Surficial aquifer indicates that the aquifer is 
covered by less than 10 ft of nonaquifer m

aterial. 
B

uried aquifer indicates that the sand and gravel is 
covered by 10 ft or m

ore of nonaquifer m
aterial and 

that the deposits are continuous in at least one direction 
for several m

iles or m
ore. D

iscontinuous aquifers 
refer to lenses of sand and gravel that are not laterally 
extensive (discontinuous aquifers are typical of 
m

orainal areas). B
uried bedrock valleys w

ere m
apped 

w
here productive aquifers are w

ithin them
. T

he three 
unconsolidated aquifer types are show

n as sand and 
gravel on the hydrogeologic sections. C

arbonate rock 
(lim

estone and dolostone); sandstone; com
plexly inter 

bedded sandstone, shale, siltstone, lim
estone, and coal; 

and an upper w
eathered zone in low

-perm
eability rock 

are show
n on the sections and on the aquifer m

aps. A
ll 

of the com
plexly interbedded m

aterial show
n on the 

sections is show
n on the m

ap as "aquifer potential 
unknow

n" because of the uncertainty in m
apping the 

w
ater-producing zones on a regional scale. A

reas 
typically devoid of form

ations capable of producing 
yields sufficient for dom

estic purposes are indicated as 
nonaquifer m

aterial on the m
aps.

M
ethods of S
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Table 2. 
S

um
m

ary of basin areas and hydrogeologic section characteristics
[m

i , square m
ile]

B
asin

L
ake M

ichigan

St. Joseph R
iver

K
ankakee R

iver

M
aum

ee R
iver

U
pper W

abash R
iver

M
iddle W

abash R
iver

L
ow

er W
abash R

iver

W
hite R

iver

E
ast Fork W

hite R
iver

W
hitew

ater R
iver

Pat ok a R
iver

O
hio R

iver 

T
O

T
A

L

A
rea 

(m
i2)

604

1,699

2,989

1,283

6,918

3,453

1,339

5,603

5,746

1,425

862

4,224

36,145

N
um

ber of 
section lines

9795109911106613

104

L
ength of 

section lines 
(in m

iles)

108

148

339

244

594

347

145

409

499

18999

375

3,496

T
otal 

num
ber of 

w
ells

212

213

490

305

833

470

193

354

616

22698

214

4,225

N
um

ber of 
w

ells per m
ile

2.0

1.4

1.4

1.3

1.4

1.4

1.3

0.9

1.2

1.2

1.0

0.6

h.2
1 Statew

ide average

Lim
itations of the M

ethods

In areas w
here large num

bers of w
ell logs w

ere 
available for plotting, the logs w

ith the location 
nearest the section line, the m

ost com
plete w

ell- 
record inform

ation, and the deepest hole w
ere chosen 

for the hydrogeologic sections. T
his search for strati- 

graphic and hydrologic inform
ation resulted in a bias 

tow
ard deep w

ells and deep aquifers in m
any 

locations.

T
he hydrogeologic sections represent the inter 

pretation of the w
ell-log data by the author(s) for 

each basin. T
he sections do not represent the only 

possible explanation or representation of the hydro- 
geology at that location. 

T
he reliability of the sec 

tions can vary w
ithin each basin depending on the

quantity and quality of inform
ation on the drillers' 

logs. 
L

ogs w
ere not alw

ays available at the desired 
density of tw

o per m
ile. 

Som
e hydrogeologic 

sections include areas w
here only one w

ell log is 
plotted in a 5-m

ile interval.

T
he interpretation of the w

ell-log data on the 
hydrogeologic sections is a sim

plified picture of the 
geology on the section. W

here lithologies change 
over short lateral distances, such as in the unconsoli- 
dated glacial deposits and the Pennsylvanian rocks, 
w

ell logs spaced every 1/2 to 1 m
i do not provide the 

needed inform
ation to depict detailed variations in 

geology. 
In the Pennsylvanian rocks, lithologies 

w
ere com

m
only lum

ped together to avoid over-inter 
pretation of w

ell logs and, hence, a m
isleading and 

inaccurate representation of the system
.

M
any of the hydrogeologic sections contain 

logs of w
ells that w

ere not drilled to the bedrock 
surface. 

In these areas, the topography of the 
bedrock surface w

as transferred from
 the "M

ap of 
Indiana Show

ing the T
opography of the B

edrock 
Surface" (G

ray, 1982). 
In these sam

e areas, the 
bedrock geology and hydrostratigraphy w

as m
apped 

w
ith reference to the "B

edrock G
eologic M

ap of 
Indiana" (G

ray and others, 1987), the "H
ydrogeo 

logic A
tlas of Indiana" (G

eosciences R
esearch 

A
ssociates, Inc., 1982), structural m

aps of the base 
and top of the N

ew
 A

lbany Shale in Indiana (B
assett 

and H
asenm

ueller, 1979a; 1979b), structural m
aps of 

the top of the O
rdovician, Silurian, and sub-Pennsyl- 

vanian surfaces in Indiana (B
assett and H

asen 
m

ueller, 1980; H
asenm

ueller and B
assett, 1980; 

K
eller, 1990), and other sources.

W
ater levels show

n on the hydrogeologic 
sections w

ere m
easured at different tim

es by different 
drillers in aquifers that are not necessarily hydrologi- 
cally connected. 

W
ater levels m

ay also be a com
 

posite head from
 several aquifers or stratigraphic 

intervals, especially in uncased bedrock w
ells.

T
he aquifer m

ap m
ay not reflect the actual 

lateral extent and boundaries of the aquifer types. 
B

ecause the section lines are 6 to 20 m
i apart, the 

continuity of areas betw
een the hydrogeologic 

section lines w
as extrapolated from

 the sections 
or inferred from

 published sources.
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LA
K

E
 M

IC
H

IG
A

N
 B

A
S

IN

B
y Joseph M

. Fenelon

L
aPorte C

ounties w
ere described by R

osenshein 
(1963), R

osenshein and H
unn (1968a, 1968b), and 

H
unn and R

eussow
 (1968). T

hese authors deter 
m

ined and m
apped the geom

etry and potentiom
etric 

surfaces of the aquifers, expected w
ell yields, and 

general w
ater quality. T

hey also estim
ated hydraulic 

properties for the aquifers and associated confining 
units, and they determ

ined sources and am
ounts of 

recharge to and discharge from
 the aquifers.

H
artke and others (1975) described the 

aquifers in L
ake and Porter C

ounties, sum
m

arized 
ground-w

ater usage in 1975 and the potential for 
future use, and qualitatively m

apped the potential for 
aquifer contam

ination. 
G

eneral descriptions of the 
aquifers in the L

ake M
ichigan basin have been 

w
ritten by H

arrell (1935), the G
reat L

akes B
asin

C
om

m
ission (1975), and C

lark (1980). T
hese 

authors described the m
ajor aquifers and the ground- 

w
ater potential for the area.

A
 com

prehensive study on the w
ater resources 

of the L
ake M

ichigan basin is being done by the 
Indiana D

epartm
ent of N

atural R
esources (I.E

. 
B

eaty, 1993, Indiana D
epartm

ent of N
atural 

R
esources, oral com

m
un.). 

T
he Indiana D

epartm
ent 

of N
atural R

esources is characterizing the ground- 
w

ater availability, use, flow
, and quality, and m

ap 
ping the bedrock elevation, and the geom

etry and 
areal extent of the prim

ary aquifers.

D
etailed studies have been done on the uncon- 

solidated deposits of m
ost of the L

ake M
ichigan 

shoreline. 
W

atson and others (1989) and Fenelon 
and W

atson (1993) studied the surficial sand aquifer

in m
ost of L

ake C
ounty north of the L

ittle C
alum

et 
R

iver. T
hey m

apped the bedrock surface and the 
geom

etry of the surficial aquifer, and they described 
the flow

 and w
ater quality in the aquifer. N

um
erous 

studies have been done along L
ake M

ichigan in the 
Indiana D

unes N
ational L

akeshore, located betw
een 

G
ary and M

ichigan C
ity (M

eyer and T
ucci, 1979; 

Shedlock and H
arkness, 1984; C

ohen and Shedlock, 
1986; W

ilcox and others, 1986: Shedlock and others, 
1987; T

hom
pson, 1987; D

oss, 1991; Shedlock, 
W

ilcox, T
hom

pson, and C
ohen, 1993; Shedlock, 

C
ohen, Im

brigiotta, and T
hom

pson, in press). 
M

any 
of these studies are site specific, but together they 
constitute a detailed description of the unconsoli- 
dated aquifers and their associated flow

 paths and 
w

ater quality w
ithin the Indiana D

unes N
ational 

L
akeshore.

G
eneral D

escription

T
he L

ake M
ichigan basin, located in the far 

northw
estern part of Indiana, encom

passes a land 
area of 604 m

i2 (H
oggatt, 1975) w

ithin the northern 
halves of L

ake and Porter C
ounties and the northern 

one-third of L
aPorte C

ounty (fig. 12). 
In addition, 

the northern part of the basin includes a 241-m
i 

area 
beneath L

ake M
ichigan. W

ithin the basin is a m
ajor 

urban and industrial area that includes the cities of 
G

ary, H
am

m
ond, E

ast C
hicago, and M

errillville.

Previous S
tudies

T
he first com

prehensive evaluation of the 
ground-w

ater resources in the L
ake M

ichigan basin 
w

as done in a series of reports on the geohydrology 
and ground-w

ater potential of L
ake, Porter, and 

L
aPorte C

ounties. R
osenshein (1961, 1962a) and 

R
osenshein and H

unn (1962) did prelim
inary evalua 

tions of the ground-w
ater resources in the three 

counties and tabulated w
ell records for about 3,000 

w
ells, including lithologic descriptions for about 

1,200 of the w
ells and w

ater-quality data from
 about 

500 w
ells. T

he principal aquifers in L
ake, Porter, and
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Physiography

T
he L

ake M
ichigan basin lies w

ithin the 
C

alum
et L

acustrine Plain, V
alparaiso M

orainal A
rea, 

and K
ankakee O

utw
ash and L

acustrine Plain, w
hich 

are part of the N
orthern M

oraine and L
ake R

egion. 
T

he K
ankakee O

utw
ash and L

acustrine Plain, located 
in the extrem

e southeastern part of the basin, is dis 
cussed in the section on the K

ankakee R
iver basin in 

this report. 
T

he C
alum

et L
acustrine Plain (fig. 13), 

in the northern part of the L
ake M

ichigan basin, 
occupies the lake bottom

 of the form
er glacial L

ake 
C

hicago an extension of L
ake M

ichigan in late 
W

isconsinan tim
e (B

retz, 1955, p. 108). 
T

he lacus 
trine plain is not a com

pletely flat area, but is a series 
of beach ridges, dunes, and interridge m

arshes. 
T

here are three dom
inant relict shorelines: 

the 
G

lenw
ood, C

alum
et, and T

oleston beach com
plexes, 

w
hose elevations are approxim

ately 625, 607, and 
600 ft above sea level, respectively (T

hom
pson, 

1987, p. 46-64). R
elief in the C

alum
et L

acustrine 
Plain ranges from

 elevations greater than 650 ft 
above sea level in dunal areas associated w

ith ancient 
beaches to approxim

ately 580 ft above sea level on 
the present day L

ake M
ichigan shoreline.

South of the C
alum

et L
acustrine Plain is the 

V
alparaiso M

orainal A
rea (fig. 13), com

posed of an 
arc-shaped end m

oraine com
plex that parallels the 

southern shore of L
ake M

ichigan from
 Illinois, 

through northw
estern Indiana, and into M

ichigan. 
T

he m
orainal com

plex is m
ade up of several term

inal 
m

oraines of W
isconsinan age including the V

alpa 
raiso and T

inley M
oraines (fig. 13), w

hich m
ark 

term
inal positions of the L

ake M
ichigan L

obe (B
retz, 

1955, p. 106-108). T
he V

alparaiso M
orainal com

 
plex is about 150 ft higher than the C

alum
et L

acus 
trine Plain and form

s a m
ajor divide that separates 

drainage to the M
ississippi R

iver from
 drainage to 

the Saint L
aw

rence R
iver by w

ay of L
ake M

ichigan. 
E

levations in the com
plex generally range from

 700 
to 800 ft above sea level and are as high as 950 ft 
above sea level. 

T
he w

estern end of the com
plex is 

w
ide and gently undulating, w

hereas the part of the 
com

plex east of V
alparaiso, is m

ore hilly and rugged 
(Schneider, 1966, p. 51-52).
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Figure 13. P
hysiographic units and m

oraines in the Lake M
ichigan basin.

S
urface-W

ater H
ydrology

T
he entire drainage area for L

ake M
ichigan is 

approxim
ately 67,900 m

i2 and includes 44,330 m
i2 

of land in Indiana, Illinois, W
isconsin, and M

ichigan 
(G

reat L
akes B

asin C
om

m
ission, 1975, p. 21). 

W
ithin Indiana, the L

ake M
ichigan basin has an area 

of 845 m
i2, of w

hich 604 m
i2 is land. 

T
he basin is 

drained in Indiana prim
arily by the L

ittle C
alum

et 
R

iver (fig. 12), w
hich flow

s approxim
ately parallel to 

the L
ake M

ichigan shoreline and discharges to L
ake 

M
ichigan through a ditch on the w

estern side of 
Porter C

ounty. 
T

he m
ajor tributaries to the L

ittle 
C

alum
et R

iver are T
urkey C

reek, D
eep R

iver, and 
Salt C

reek. 
E

ach tributary originates on the V
alpa 

raiso M
oraine and flow

s north to the L
ittle C

alum
et 

R
iver. 

T
he eastern part of the L

ake M
ichigan basin 

in L
aPorte C

ounty is drained by sm
aller creeks that 

flow
 directly into L

ake M
ichigan.

G
eology

B
edrock D

eposits

O
verlying Precam

brian bedrock in the L
ake 

M
ichigan basin is m

ore than 4,000 ft of sedim
entary 

bedrock (R
osenshein and H

unn, 1968a, p. 7; H
artke 

and others, 1975, p. 4) that dips northeast at about 10

to 20 ft/m
i. A

bout 3,500 ft of the sedim
entary bed 

rock is of C
am

brian or O
rdovician age. T

he C
am

 
brian and O

rdovician bedrock consists of about 
2,000 ft of fine- to coarse-grained sandstone in the 
low

er part and shale overlying dolom
ite and sand 

stone in the upper part (R
osenshein and H

unn, 1968a, 
p. 9; H

artke and others, 1975, p. 4). O
verlying these 

rocks are Silurian rocks in the w
estern part of the 

Lake M
ichigan basin and Silurian, D

evonian, and 
M

ississippian rocks further east (figs. 5 and 14).

T
he rocks of Silurian age, w

hich consist of 400 
to 600 ft of dolom

ite and som
e lim

estone (G
reat 

L
akes B

asin C
om

m
ission, 1975, p. 37), are divided 

into the Sexton C
reek L

im
estone, the Salam

onie 
D

olom
ite, and the Salina G

roup (Shaver and others, 
1986). T

he Silurian rocks are com
posed of shaley to 

pure and fine- to coarse-grained carbonate rocks that 
include reef facies in the upper part.

T
he D

evonian rocks consist of dolom
ite and 

lim
estone overlain by shale; these rocks contain the 

M
uscatatuck G

roup and the A
ntrim

 and E
llsw

orth 
Shales. T

he M
uscatatuck G

roup overlies the Silurian 
carbonate rocks; it is absent w

here Silurian rocks are 
exposed at the bedrock surface, and it is as m

uch as 
200 ft thick elsew

here (Shaver, 1974, p. 5). 
T

he 
G

roup is com
posed of a w

ide variety of im
pure to

pure and dense to coarse-grained dolom
ite and 

lim
estone; in places, it contains anhydrite and gyp 

sum
 in its low

er part (Shaver and others, 1986, p. 99). 
T

he A
ntrim

 Shale, a brow
nish-black noncalcareous 

shale, overlies the D
evonian carbonate rocks in the 

northeastern part of the basin (Shaver and others, 
1986, p. 5). T

he E
llsw

orth Shale overlies the A
ntrim

 
Shale and is of D

evonian and M
ississippian age. It is 

a grayish-green shale that contains lim
estone or 

dolom
ite lenses in its upper part (Shaver and others, 

1986, p. 42).

T
he bedrock surface is a preglacial erosional 

feature that has been further m
odified by glacial 

erosion. 
T

he Silurian and D
evonian carbonate rocks 

exposed at the bedrock surface contain significant 
fractures and solution features in the upper 100 ft 
(R

osenshein and H
unn, 1968a, p. 10; G

reat L
akes 

B
asin C

om
m

ission, 1975, p. 24; H
artke and others, 

1975, p. 4).

U
nconsolidated D

eposits

T
he unconsolidated deposits in the L

ake 
M

ichigan basin are largely the result of glacial, 
glaciofluvial, shallow

-w
ater coastal and lake, w

et 
land, and w

ind-blow
n sedim

entation. T
hey consist of 

clay-rich till, sand and gravel outw
ash, sand beaches 

and dunes, lake silt and clay, and peat. T
hicknesses 

of unconsolidated deposits range from
 about 50 ft 

near the Indiana-Illinois State line to about 350 ft at 
the basin divide south of M

ichigan C
ity (fig. 15). 

T
he L

ake M
ichigan basin is overlain in m

ost areas by 
tw

o or m
ore of four general unconsolidated units 

(R
osenshein, 1962b; V

ig, 1962; H
unn and R

eussow
, 

1968; R
osenshein and H

unn, 1968a, 1968b; H
artke 

and others, 1975).

T
he low

est unit overlies bedrock and is pri 
m

arily a dense, clay-loam
 till that contains zones of 

intertill sand and gravel. T
his unit, w

hich ranges in 
thickness from

 0 to m
ore than 100 ft, w

as form
ed by 

W
isconsinan and possibly pre-W

isconsinan glaciers 
that advanced through the basin. T

he basal part of 
the unit contains 0 to 15 ft of sand and gravel that fill 
the deepest parts of preglacial bedrock valleys.
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Figure 14. B
edrock geology 

of the Lake M
ichigan basin.
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G
laciofluvial sand ranging from

 0 to 100 ft in 
thickness overlies the basal till in the southern one- 
half of the basin. L

ocally, the sand contains sand and 
gravel interbeds and clay.

O
verlying m

ost of the glaciofluvial sand in the 
southern one-half of the L

ake M
ichigan basin is a till 

that extends to the surface. T
he till ranges from

 0 to 
m

ore than 50 ft in thickness and contains an intertill 
sand and gravel layer (R

osenshein, 1962b, p. 129). 
T

he surficial till is sim
ilar lithologically but less 

dense than the basal till.

O
verlying the basal till in the northern one-half 

of the basin is prim
arily fine to m

edium
 glaciolacus- 

trine and w
ind-blow

n sand w
ith som

e beach gravel, 
local peat, and lake silt and clay deposits. M

ost of 
these deposits w

ere form
ed in association w

ith 
glacial L

ake C
hicago, and they range in thickness 

from
 0 to 70 ft (R

osenshein, 1962b, p. 129; R
osen 

shein and H
unn, 1968b, p. 17).

Figure 15. Thickness of 
unconsolidated deposits in 
the Lake M

ichigan basin.
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T
.35 N.

T
.36 N

.
T

.37 N.
T

.35 N
.

T
.36 N.

A
quifer Types

N
ine hydrogeologic sections (1A

-1A
' to 

1I-1I') w
ere produced for this atlas to show

 the 
general hydro stratigraphy of the L

ake M
ichigan 

basin (fig. 16). A
ll sections are oriented from

 south 
to north, approxim

ately perpendicular to the L
ake 

M
ichigan shoreline (fig. 12). 

Section lines w
ere 

draw
n at 5- to 7-m

i intervals. 
A

 total of 212 w
ell 

logs w
ere used to produce the sections; 58 w

ell logs 
are from

 test holes that are unrelated to w
ater use. 

T
he average density of plotted w

ells along the sec 
tion lines is 2.0 w

ells per m
ile.

In general, supplies of ground w
ater 

throughout the L
ake M

ichigan basin are adequate. 
U

nconsolidated sands and gravels form
 the m

ost 
productive aquifers. 

T
he prim

ary unconsolidated 
aquifers are the buried sands and gravels overlying 
the basal till in the southern one-half of the basin 
and the surficial sands overlying the basal till in the 
northern one-half of the basin. 

O
ther less signif 

icant unconsolidated aquifers are discontinuous 
buried sands and gravels in the northeastern part of 
the basin, discontinuous surficial sands and gravels 
on top of the V

alparaiso M
orainal com

plex in the 
southeastern part of the basin, buried bedrock val 
ley aquifers near L

ake M
ichigan, and intertill sands 

and gravels throughout the basin. 
C

arbonate bed 
rock underlies the basin but is used as an aquifer 
only in the far w

estern part of the basin. 
T

he pri 
m

ary aquifers are show
n in figure 17. 

A
quifers 

beneath L
ake M

ichigan are excluded from
 the m

ap 
and from

 m
ost of the discussion because of insuffi 

cient data. 
T

able 3 sum
m

arizes the four aquifer 
units m

apped in figure 17. 
T

he table lists ranges of 
thickness and yield and nam

es other authors have 
used to define the units.
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Figure 16. H
ydrogeologic sections 1A

-1A
'\o 11-11' of the Lake M

ichigan basin.
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Figure 17. E
xtent of aquifer types in the Lake M

ichigan basin.

U
nconsolidated A

quifers

B
urled Sand and G

ravel A
quifers

B
uried sand and gravel aquifers are found in 

m
ore than three-fourths of the basin (fig. 17). 

M
ost 

of the buried aquifers are part of a glaciofluvial sand 
aquifer, w

hich is show
n on the southern one-half to 

tw
o-thirds of sections 1A

-1A
' to 1F-1F' (fig. 16). 

T
he aquifer as show

n in the sections consists of sand 
bodies that are continuous for 3 to 6 m

i in a north- 
south direction. T

hese sand bodies are probably 
m

ore continuous parallel to L
ake M

ichigan and the 
V

alparaiso M
oraine. T

he buried glaciofluvial aquifer 
is as m

uch as 200 ft thick (of w
hich 150 ft is satu 

rated) beneath the V
alparaiso M

oraine in section 
IE

-IE
'(fig. 16). T

he typical thickness penetrated by 
w

ells is about 50 ft; how
ever, aquifer thicknesses 

m
ay be greater because m

ost of the w
ells do not 

penetrate the full thickness of the aquifer.

T
he glaciofluvial sand aquifer is overlain by a 

surficial till in m
ost areas on the V

alparaiso M
orainal 

com
plex. T

ill thickness ranges from
 0 to about 100 ft 

and is typically 20 to 50 ft. T
he aquifer is recharged 

prim
arily from

 the overlying till. T
he aquifer dis 

charges to the land surface through the overlying till 
and to the bedrock through a basal till (R

osenshein 
andH

unn, 1968b). 
In sections 1F

-1F
'and 1G

-1G
' 

(fig. 16), north of the V
alparaiso M

oraine, hydraulic 
heads in the buried sand and gravel are above land 
surface; flow

ing w
ells can be found in these areas.

Several Localized buried aquifers are betw
een 

sections ID
-ID

' and IF
-IF

' in the northern part of 
the basin. T

hese aquifers have been studied by a 
num

ber of investigators (W
ilcox and others, 1986; 

Shedlock and others, 1987; Shedlock, W
ilcox, 

T
hom

pson, andC
ohen, 1993; Shedlock, C

ohen, 
Im

brigiotta, and T
hom

pson, in press) and have been 
nam

ed the "subtill" and "basal" aquifers. 
T

he 
"subtill" aquifer, show

n on section IE
-IE

' in

_
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.
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T. 37 N
. (fig. 16), is buried beneath a surficial till and 

overlies another till. T
he aquifer extends alm

ost 5 m
i 

and is about 30 ft thick in section IE
-IE

'. B
eneath 

the underlying till in places is the "basal" aquifer, 
w

hich extends about 2 m
i in section IE

-IE
' and is 

about 50 ft thick.

U
nm

apped intertill sands and gravels in the 
basal and surficial tills in the southern one-half of the 
basin also contribute w

ater to w
ells locally. Y

ields of 
som

e of these aquifers are high, but the aquifers are 
not extensive (R

osenshein and H
unn, 1968a; 1968b).

Surficial Sand and G
ravel A

quifer

T
he unconsolidated surficial aquifer in the 

northern one-half of the basin is com
posed of glacio- 

lacustrine and w
ind-blow

n sand. T
he aquifer extends 

south about 2 to 5 m
i from

 the L
ake M

ichigan shore 
line in the eastern part of the basin and up to 10 m

i 
from

 the shoreline in the w
estern part of the basin.

T
hicknesses range from

 0 to 70 ft and average about 
30 ft. T

he surficial aquifer is recharged prim
arily 

from
 precipitation and from

 ground w
ater flow

ing up 
from

 the basal till in the eastern part of the basin. 
M

ost discharge goes to stream
s, ditches, L

ake M
ichi 

gan, and to evapotranspiration (R
osenshein and 

H
unn, 1968b; Shedlock and others, 1987; Fenelon 

and W
atson, 1993). T

he aquifer is used very little as 
a source of w

ater in the w
estern part of the basin 

because of its proxim
ity to L

ake M
ichigan, the m

ajor 
source of drinking w

ater in the area. T
he aquifer is 

also rarely used because of its thin saturated zone (20 
to 30 ft) and its susceptibility to contam

ination 
(H

artke and others, 1975, p. 25; Fenelon and W
atson, 

1993). T
he aquifer is tapped in the eastern part of the 

basin by households that do not have access to a 
public w

ater supply or a better source of ground 
w

ater.T
he surficial aquifer extends for an undeter 

m
ined distance beneath L

ake M
ichigan. 

Sand or 
gravel has been found on the lake bottom

 at w
idely 

spaced sam
pling points w

ithin the State boundaries 
(Schneider and K

eller, 1970). T
he distribution of 

sand and gravel indicates that the aquifer could 
extend m

ore than 5 m
i into the L

ake, although insuf 
ficient data are available to m

ap the areal extent or 
thickness.

D
iscontinuous Sand and G

ravel A
quifers

D
iscontinuous buried sand and gravel aquifers 

are present in the northeastern part of the basin and 
are show

n in the central part of section 1G
-1G

' 
(fig. 16). A

lthough the deposits are discontinuous, 
they are com

m
on enough that sources of dom

estic 
w

ater supply are easy to find. Som
e of the discon 

tinuous aquifers are in the deep bedrock valleys in the 
northeastern part of the basin. 

Section 1G
-1G

' 
(fig. 16) crosses several of the valleys that are 200 to 
300 ft below

 land surface and have about 100 ft of 
relief. T

he bottom
 of one of the valleys is filled w

ith 
sand and gravel, w

hich is tapped for a drinking-w
ater 

supply; how
ever, in general, these deep aquifers are 

not tapped unless they are the only unconsolidated 
aquifers in the area.
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Table 3. 
C

haracteristics of aquifer types in the Lake M
ichigan basin

[>, greater than; <, less than; locations of aquifer types show
n in fig. 17]

A
quifer type

Surficial sand

B
uried sand and gravel

D
iscontinuous sand and gravel

C
arbonate rock

T
hickness
(feet)

0- 
70

10- 
200

0->100

400- 
800

R
ange of yield 
(gallons per 

m
inute)

1'210- 
500

1-2'410->500

0- 
500

J<10- 
400

C
om

m
on nam

e(s)

C
alum

et aquifer3; U
nit I1'2

V
alparaiso aquifer3; U

nit 31' 2; 
Subtill and basal aquifers5

U
nitS

1'2

Silurian-D
evonian carbonate 

aquifer

1 R
osenshein and H

unn, 1968 a.
2R

osenshein and H
unn, 1968b.

3H
artke and others, 1975.

4C
lark, 1980.

5Shedlock, C
ohen, Im

brigiotta, and T
hom

pson, in press.

D
iscontinuous surficial deposits are present 

throughout the southeastern part of the basin. M
ost of 

these deposits are in m
orainal areas and are a com

plex 
m

ix of ice-contact stratified drift and till. T
he deposits 

m
ay contain surficial aquifers, w

hich can be local to 
extensive and range from

 a few
 feet to m

ore than 
100 ft in thickness as in T. 37 N

. of section 1G
-1G

' 
(fig. 16). T

he discontinuous surficial aquifers are 
usually not used as a source of w

ater because sources 
in the underlying buried aquifers are m

ore reliable.

B
edrock A

quifersC
arbonate B

edrock A
quifer

Silurian and D
evonian carbonate bedrock is the 

principal bedrock aquifer in the L
ake M

ichigan basin. 
A

lthough the carbonate bedrock aquifer is present 
throughout the basin (including the part covered by 
L

ake M
ichigan), it is used m

ostly in the w
estern part 

of the basin (sections 1A
-1A

' and IB
-IB

' in fig. 16).

G
enerally, w

ells penetrate only the upper 100 ft of the 
perm

eable carbonate bedrock. E
ast of section IB

-IB
' 

(fig. 16), the aquifer is little used because of the avail 
ability of w

ater in the unconsolidated aquifers, the 
increasing depth to the bedrock aquifer, and the poten 
tially high concentrations of dissolved solids (R

osen- 
shein and H

unn, 1968b, p. 5). 
The area w

here the 
carbonate bedrock aquifer is generally less than 300 ft 
below

 land surface is m
apped in figure 17; how

ever, 
the aquifer is not necessarily used in this area. For the 
sam

e reasons as listed above, the aquifer is generally 
not used w

here m
ore than 200 ft of unconsolidated 

m
aterial and(or) shale cover it, and is rarely used 

w
here there is m

ore than 300 ft of cover. D
epth to the 

carbonate bedrock ranges from
 about 100 ft below

 
land surface in section 1A

-1A
' to about 500 ft in 

section 11-11' (fig. 16). D
evonian and M

ississippian 
shales, w

hich overlie the carbonate bedrock aquifer in 
the eastern part of the basin (sections IB

-IB
'to 11-11', 

fig. 16), are potential sources of sm
all quantities of 

w
ater (R

osenshein and H
unn, 1968a; 1968b).

D
evonian and M

ississippian shales and(or) the 
low

er till unit confine the top surface of the carbonate 
bedrock aquifer throughout m

ost of the basin. T
he 

bottom
 surface of the carbonate bedrock aquifer is 

underlain at depths of greater than 600 ft by 200 to 
250 ft of shale interbedded w

ith som
e lim

estone 
(G

ray, 1972). T
he underlying shale functions as a 

confining unit for a deeper O
rdovician and C

am
brian 

aquifer system
 (not show

n on fig. 17 or in hydrogeo- 
logic sections). 

A
lthough the deeper aquifer is 

tapped extensively in northeastern Illinois (Schicht 
and others, 1976; V

isocky and others, 1985), it is 
tapped very little in the L

ake M
ichigan basin of 

Indiana because of sm
all w

ell yields and high 
construction and pum

ping costs (R
osenshein and 

H
unn, 1968a). A

n even deeper aquifer, consisting of 
about 2,000 ft of sandstone of early C

am
brian age, is 

highly saline and is used only for deep w
aste injec 

tion (H
unn and R

eussow
, 1968; H

artke and others, 
1975).

S
um

m
ary

T
he L

ake M
ichigan basin includes 604 m

i2 of 
land w

ithin the northern parts of L
ake, Porter, and 

L
aPorte C

ounties and a 241 -m
i 

area beneath L
ake 

M
ichigan in northw

estern Indiana. T
he land is 

covered by a sandy lake plain overlying a basal till in 
the northern part of the basin and the till-capped 
V

alparaiso M
orainal com

plex to the south. T
he till 

covers a glaciofluvial sand that overlies a basal till. 
Silurian and D

evonian carbonate bedrock is present 
as subcrop in the w

estern part of the basin but is over 
lain by D

evonian and M
ississippian shales further 

east.

Four aquifer types w
ere delineated in the L

ake 
M

ichigan basin: 
(1) surficial sand and gravel, 

(2) buried sand and gravel, (3) discontinuous sand 
and gravel, and (4) carbonate bedrock. 

T
he prim

ary 
aquifer, present in the southern one-half of the basin, 
is a buried glaciofluvial sand aquifer w

hose average 
thickness is 50 ft; it can yield m

ore than 500 gal/m
in. 

T
he aquifer, w

hich is covered by 0 to 100 ft of surfi 
cial till, overlies a basal till. 

O
ther buried sand and 

gravel aquifers are found in the northeastern part of 
the basin and in som

e of the buried bedrock valleys. 
A

 thin but extensive surficial sand aquifer in the 
northern one-half of the basin is little used because of 
its proxim

ity to L
ake M

ichigan, the m
ajor source of 

drinking w
ater in the area. 

D
iscontinuous buried 

aquifers in the northeastern part of the basin are 
com

m
only used as a source of w

ater. D
iscontinuous 

surficial aquifers are present throughout the south 
eastern part of the basin but are rarely tapped because 
of m

ore reliable buried sources of ground w
ater. T

he 
principal bedrock aquifer is a carbonate bedrock 
aquifer, used only in the far w

estern part of the basin. 
T

he aquifer's yields are generally less than those of 
the unconsolidated aquifer m

aterial but can be sub 
stantial in som

e areas.

R
egional ground-w

ater discharge from
 all the 

aquifers is to L
ake M

ichigan. L
ocally, how

ever, 
ground w

ater is com
m

only discharged through 
evapotranspiration or by flow

 to stream
s, ditches, and 

pum
ped w

ells in the area.
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G
eneral D

escription

T
he St. Joseph R

iver basin, w
hich encom

 
passes an area of 1,699 rni2 in northeastern Indiana, is 
part of the St. L

aw
rence drainage system

. 
T

he basin 
includes all of L

agrange C
ounty, m

ost of E
lkhart, 

Steuben, and N
oble C

ounties, and parts of St. Joseph, 
K

osciusko, and D
ekalb C

ounties. T
he St. Joseph 

R
iver flow

s into Indiana in E
lkhart C

ounty and flow
s 

out of the State in St. Joseph C
ounty. 

M
ajor cities 

w
ithin the basin are South B

end, M
ishaw

aka, 
E

lkhart, G
oshen, K

endallville, and A
ngola (fig. 18).

Previous Studies

Studies of the ground-w
ater resources of the 

St. Joseph R
iver basin have been published since the 

late 1890's. L
everett (1899) com

piled a report on the 
w

ells of northern Indiana that w
as used as a reference 

for m
any years. 

C
apps (1910) produced one of the 

first investigations of the quantity, quality, and distri 
bution of ground w

ater in north-central Indiana. A

sum
m

ary of ground-w
ater sources and occurrence for 

each county of the State w
as com

piled by H
arrell 

(1935). 
K

laer and Stallm
an (1948), Stallm

an and 
K

laer (1950), and R
osenshein and H

unn (1962) 
described ground-w

ater resources of the South B
end 

area, N
oble C

ounty, and St. Joseph C
ounty. 

T
he 

geohydrology and ground-w
ater potential of 

St. Joseph C
ounty w

as also described by H
unn and 

R
osenshein (1969). 

Pettijohn (1968) provided data 
on the occurrence, availability, and chem

ical quality

of ground w
ater in the St. Joseph R

iver basin as part 
of a com

prehensive report of the ground-w
ater 

resources of Indiana. 
M

arie (1975) studied the 
w

ater-supply potential of the aquifers in the South 
B

end area. 
R

eussow
 and R

ohne (1975) com
piled 

three plates describing the availability, distribution, 
quality, and use of w

ater in the St. Joseph R
iver 

basin. 
T

he ground-w
ater resources and quality of 

northw
estern E

lkhart C
ounty w

ere evaluated by 
Irnbrigiotta and M

artin (1981). 
B

ailey and others

(1985) and L
indgren and others (1985) described 

local hydrologic system
s in the St. Joseph R

iver 
basin and m

odeled the effects of agricultural 
irrigation on those local system

s. 
C

rornpton and 
others (1986) review

ed the hydrologic data- 
collection netw

ork in the St. Joseph R
iver basin. 

Peters (1987) and Peters and R
enn (1988) described 

the effects of agricultural irrigation on the w
ater 

resources of the St. Joseph R
iver basin. G

round- 
w

ater and surface-w
ater availability, distribution,
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ater H

ydrology

T
he St. Joseph R

iver drains 1,699 rni2 in 
Indiana and 2,586 rni2 in southern M

ichigan. 
T

he 
river begins in a m

orainal area near H
illsdale, M

ich., 
flow

s generally to the southw
est, then to the north 

through South B
end, Ind., and em

pties into L
ake 

M
ichigan near B

enton H
arbor, M

ich. 
Forty-one 

m
iles of the St. Joseph R

iver are in Indiana (fig. 18). 
T

he average channel gradient is approxim
ately 

2.5 ft/m
i (Indiana D

epartm
ent of N

atural R
esources, 

1987, p. 1 and 21). T
he m

ajor tributaries of the 
St. Joseph R

iver are the E
lkhart, Pigeon, and Faw

n 
R

ivers. M
inor tributaries w

ith greater than 100 m
i2 

of drainage include N
orth B

ranch of the E
lkhart 

R
iver, T

urkey C
reek, L

ittle E
lkhart R

iver, and South 
B

ranch of the E
lkhart R

iver.

G
eology

quality, and use in the St. Joseph R
iver basin w

ere 
described by the Indiana D

epartm
ent of N

atural 
R

esources (1987).

Physiography

T
he St. Joseph R

iver basin is part of the 
N

orthern M
oraine and L

ake R
egion physiographic 

area as described by M
alott (1922, p. 112) and 

Schneider (1966, p. 42). T
his region has been divided 

into five physiographic units. T
w

o units, the K
an- 

kakee O
utw

ash and L
acustrine Plain and the Steuben 

M
orainal L

ake A
rea, com

pose the St. Joseph R
iver 

basin (fig. 19).

T
he topography of the basin is variable; land- 

surface altitudes range from
 700 ft near South B

end 
to 1,100 ft north of A

ngola. 
T

he K
ankakee O

utw
ash 

and L
acustrine Plain, recently described as the K

an 
kakee L

ow
lands (Indiana D

epartm
ent of N

atural 
R

esources, 1987, p. 12), lies in the northw
estern part 

of the basin and extends into eastern Illinois and 
southw

estern M
ichigan. Prior to the glacial retreat 

from
 the G

reat L
akes drainage basin, the St. Joseph

R
iver drained southw

est to the K
ankakee R

iver. 
A

fter the St. L
aw

rence R
iver becam

e free of ice, the 
St. Joseph R

iver drainage w
as captured and drainage 

direction reversed dow
nstream

 of South B
end.

M
uch of this area is a poorly drained, level 

plain covered by fine-grained alluvium
 and underlain 

by thick outw
ash sand and gravel. 

M
uch of the sand 

and gravel w
as deposited in the form

 of broad valley 
trains and outw

ash plains by glacial m
eltw

aters at 
several different tim

es during the late W
isconsin 

glaciation (Schneider, 1966, p. 52). Sand transported 
by the w

ind, and form
ed into dunes, overlies the 

outw
ash in parts of this area.

T
he M

orainal L
ake A

rea, located south and 
east of the K

ankakee O
utw

ash and L
acustrine Plain, 

has a m
ore com

plex physiography. 
G

lacial and post 
glacial activity have produced the present land- 
form

s. Som
e of the glacial landform

s include: knob- 
and-kettle topography (w

hich form
s basins for the 

m
any lakes and peat bogs characteristic of north 

eastern Indiana), karnes (com
posed of ice-contact 

sand and gravel deposits), m
eltw

ater channels, sm
all

lake plains, and dunes (Schneider, 1966, p. 52-53). 
T

he M
axinkuckee M

oraine and the Packerton 
M

oraine (fig. 3) near the southw
estern and southern 

edges of the basin have traditionally been recognized 
as the m

ajor uplands form
ed by the recession of the 

Saginaw
 L

obe (fig. 8). R
ecent evidence indicates 

that the M
axinkuckee M

oraine w
as form

ed by the 
recession of the L

ake M
ichigan L

obe (fig. 8) and that 
the Packerton M

oraine is a recessional feature of the 
E

rie L
obe (B

leuer and M
elhorn, 1989, p. 44). 

T
he 

M
ississinew

a M
oraine (fig. 19), located along the 

southeastern border of the basin, w
as form

ed by the 
recession of the E

rie L
obe (fig. 8). 

T
hese and other 

m
orainic uplands (fig. 19) are com

posed of unsorted 
m

aterial in a clay m
atrix. 

T
he low

lands betw
een 

m
oraines are rem

nants of m
eltw

ater channels and are 
com

posed of thick sand and gravel deposits 
(C

rom
pton and others, 1986, p. 7). L

ocal relief of 
100 to 150 ft is com

m
on; relief in areas of kam

e 
deposits can be as m

uch as 200 ft.

B
edrock D

eposits

Four thousand feet of sandstones, siltstones, 
shales, lim

estones, and dolom
ites of C

am
brian, 

O
rdovician, Silurian and D

evonian ages overlie 
Precarnbrian igneous and m

etam
orphic basem

ent 
rocks in the St. Joseph R

iver basin. Paleozoic shale 
and lim

estone are present at the bedrock surface 
throughout the St. Joseph R

iver basin in Indiana 
(fig. 20). A

 gently rolling bedrock surface is inter 
spersed w

ith a few
 entrenched, preglacial valleys. 

B
edrock is overlain by thick glacial drift throughout 

the basin. B
edrock form

ations dip northeast into the 
M

ichigan B
asin (fig. 4) at approxim

ately 30 ft/m
i 

(Indiana D
epartm

ent of N
atural R

esources, 1987, 
p. 15).D

evonian carbonate rocks of the M
uscatatuck 

G
roup are present at the bedrock surface in relatively 

sm
all areas in K

osciusko and N
oble C

ounties in the 
extrem

e southern part of the basin (fig. 20). T
he 

D
evonian carbonate rocks and underlying Silurian 

carbonate rocks form
 a 400 to 900 ft thick carbonate 

rock sequence (B
assett and H

asenrnueller, 1978 and 
1979). O

verlying the carbonate rock is the A
ntrim

 
Shale of D

evonian age. 
T

he A
ntrim

 Shale is present
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at the bedrock surface in the southern part of the 
basin. This shale is typically brow

nish-black and 
noncalcareous. Thickness of the A

ntrim
 Shale ranges 

from
 0 to greater than 220 ft in the St. Joseph R

iver 
basin. The Ellsw

orth Shale of Late D
evonian and 

Early M
ississippian age overlies the A

ntrim
 Shale, 

and is present at the bedrock surface in the w
estern 

part of the basin. The low
er part of the form

ation 
consists of alternating layers of gray-green shale and 
brow

nish-black shale. The upper part is a grayish- 
green shale that contains lim

estone and dolom
ite 

lenses. The Ellsw
orth Shale ranges in thickness from

 
less than 40 ft to greater than 200 ft. The C

oldw
ater 

Shale of Early M
ississippian age is present in the 

northeastern part of the basin. It is predom
inantly a 

gray to greenish-gray, slightly silty shale w
ith red 

shale stringers in the low
er part. Thickness ranges up 

to 500 ft. 
(See Shaver and others, 1986.)

U
nconsolidated D

eposits

The St. Joseph R
iver basin is covered by thick, 

unconsolidated glacial deposits (fig. 21). 
These 

deposits are the result of several glacial periods, but 
predom

inately the W
isconsinan glaciation (fig. 8) 

and the subsequent recessions of the Saginaw
, Erie, 

and Lake M
ichigan Lobes (Schneider, 1966, p. 53; 

B
leuer, 1989, p. 44). 

M
ost of the sedim

ents deposi 
ted in the St. Joseph R

iver basin are from
 the ice 

advances of the Saginaw
 and the Erie Lobes of about 

15,000 years ago (W
ayne, 1966, p. 35).

A
lthough, the thickness of the drift in this basin 

ranges from
 100 ft to 500 ft, thicknesses of 200 ft to 

400 ft are typical (R
eussow

 and R
ohne, 1975) 

(fig. 21). D
rift thickness generally increases from

 
w

est to east. The sand and gravel units w
ithin the 

drift w
ere deposited as broad outw

ash plains or

channels beyond the m
elting ice front, as kam

e and 
esker deposits w

ithin the ice sheet, and as lenticular 
m

asses w
ithin the tnorainal deposits of glacial till 

(Pettijohn, 1968, p. 7). These sand and gravel units 
w

ithin the drift are the m
ajor aquifers of the basin.

A
quifer Types

Seven hydrogeologic sections 2A
-2A

' to 
2G

-2G
' (fig. 22), w

ere produced for this atlas to 
show

 the general hydrostratigraphy of the St. Joseph 
R

iver basin. Locations of the sections are show
n in 

figure 18. A
ll hydrogeologic sections are oriented 

from
 south to north and w

ere draw
n at intervals of 8 

to 12 m
i. 

The seven hydrogeologic sections of the 
St. Joseph R

iver basin have a com
bined length of 

L48 m
i and w

ere produced from
 the logs of 213 

w
ater-supply and test w

ells. The average density of

logged w
ells plotted along the section lines is 1.4 

w
ells per m

ile.

The St. Joseph R
iver basin is an area of highly 

variable and com
plex glacial deposits. The sand and 

gravel sequences of the unconsolidated deposits, 
w

hich form
 the m

ajor aquifer system
s in the basin, 

w
ere laid dow

n by the advances of as m
any as three 

ice sheets. These deposits are variable in extent and 
thickness and are w

idespread over the entire area. 
The m

ajor types of unconsolidated aquifers are the 
surficial sands and gravels and the buried sands and 
gravels of the northern and central parts of the basin. 
O

ther unconsolidated aquifers are the discontinuous 
lenses of sand and gravel distributed across the cen 
tral and southern parts of the basin. B

uried preglacial 
bedrock valleys, w

here they are filled w
ith sand and 

gravel, are sm
all but significant aquifers along the 

Indiana-M
ichigan State line. In the St. Joseph R

iver

St. Joseph R
iver B

asin 
27
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Figure 21. Thickness of unconsolidated deposits in the St. Joseph R
iver basin.

basin, ground-w
ater flow

 in the unconsolidated aqui 
fers is generally tow

ard the St. Joseph R
iver and its 

tributaries. The four aquifer types m
apped in the 

St. Joseph R
iver basin (fig. 23) are sum

m
arized in 

table 4. T
he table includes range of thickness, range 

of yields, and aquifer nam
es com

m
only used by other 

authors.

U
nconsolidated A

quifers

Surficial Sand and G
ravel A

quifers

Surficial sand and gravel aquifers are present 
in approxim

ately half of the basin (fig. 23) and are 
show

n in all seven hydrogeologic sections (fig. 22).

T
he surficial sand and gravel aquifers consist m

ostly 
of outw

ash, outw
ash-fan deposits, isolated hills and 

ridges of ice-contact stratified drift, and H
olocene 

alluvium
 (G

ray, 1989). T
hicknesses are generally 

greatest in the north and east and in the vicinity of 
buried bedrock valleys. T

hicknesses of surficial sand 
and gravel aquifers range from

 a few
 feet in section 

2C
-2C

', T. 37 N
. (fig. 22), to 160 ft in section 

2B
-2B

', T. 37 N
. (fig. 22). Precipitation is the 

principal source of recharge to the surficial sand and 
gravel aquifers.B

uried Sand and G
ravel A

quifers

M
ost of the buried sand and gravel aquifers are 

com
posed of outw

ash-related m
aterial. T

hey are

found in m
ore than one-third of the basin, but they 

are predom
inantly in the northeastern and central 

parts of the basin, as seen in section 2C
-2C

', T
ps. 35 

and 37 N
., eastw

ard to section 2G
-2G

' (fig. 22). 
Sm

all areas of buried sand and gravel are show
n at 

the southern end of section 2A
-2A

' (fig. 22). M
uch 

of the buried sand and gravel aquifer lies beneath the 
surficial sand and gravel aquifer. 

A
 clay layer of 

variable thickness separates these tw
o aquifers.

Sand and G
ravel W

ithin B
uried Preglacial B

edrock Valleys

B
uried preglacial bedrock valleys are located 

in tw
o areas of the basin. 

T
he far northern parts of 

sections 2B
-2B

' and 2D
-2D

', T. 38 N
., (fig. 22) 

show
 the depths and thicknesses of parts of these

valleys. T
his aquifer type does not cover a large area 

of the basin, but it is a locally significant aquifer. 
T

he bedrock valley is filled w
ith sand and gravel in 

som
e areas, and w

ith nonaquifer m
aterial in other 

areas (section 2B
-2B

', fig. 22). T
he buried valleys 

filled by thick sequences of sand and gravel can 
produce as m

uch as 2,000 gal/m
in (Pettijohn, 1968, 

p. 8). T
he buried bedrock valley beneath the Pigeon 

R
iver in section 2D

-2D
' (fig. 22) is filled m

ostly w
ith 

nonaquifer m
aterial.

D
iscontinuous Sand and G

ravel A
quifers

D
iscontinuous sand and gravel aquifers under 

lie approxim
ately half of the basin. T

his aquifer type, 
w

hich is present across the central one-third and

28 
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Figure 23. E
xtent of aquifer types in the St. Joseph R
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southern boundaries of the basin, is show
n in hydro- 

geologic sections 2B
-2B

' to 2G
-2G

' (fig. 22). In 
general, this is an area of loarn till and m

orainal 
topography (G

ray, 1989). The discontinuous lenses 
of sand and gravel are variable in size but are typi 
cally thin and used locally for dom

estic and agricul 
tural w

ells. In som
e areas, how

ever, individual zones 
can be as thick as 60 ft, as show

n in section 2E
-2E

', 
T. 34 N

. (fig. 22).

B
edrock A

quifers

There are several potential bedrock aquifers 
in the St. Joseph R

iver basin. H
ow

ever, in over half 
of the area the potential bedrock aquifers are m

ore 
than 300 ft below

 the land surface. Therefore, aqui 
fers in the unconsolidated drift are m

ore accessible, 
as w

ell as adequate for all uses. B
edrock aquifers are 

not show
n on the aquifer m

ap (fig. 23) for the St. 
Joseph R

iver basin.

The Silurian and D
evonian carbonate rock 

sequence has the greatest potential as a bedrock 
source of ground w

ater (G
ray, 1973). A

t present, the

carbonate bedrock is not used as a source of ground 
w

ater because of the relative abundance of aquifers in 
the glacial drift. The other bedrock unit w

ith aquifer 
potential, the C

oldw
ater Shale of M

ississippian age, 
is at the bedrock surface in the northeastern part of 
the basin (fig. 20). 

Isolated pockets of sandstone 
w

ithin this unit have a potential for dom
estic or light- 

industrial w
ater supply (G

ray, 1973).

S
um

m
ary

The St. Joseph R
iver basin encom

passes 
1,699 m

i2 in northeastern Indiana. The basin is

com
posed of tw

o physiographic units: the K
ankakee 

O
utw

ash and Lacustrine Plain and the Steuben 
M

orainal Lake A
rea. The gently rolling bedrock sur 

face of the basin is com
posed of shale and lim

estone. 
The entire basin is overlain by drift. This unconsoli 
dated drift w

as deposited during the advances and 
retreats of W

isconsinan and older glaciations. The 
glacial drift generally thickens from

 w
est to east.

Four unconsolidated aquifer types are present 
in the St. Joseph R

iver basin. The prim
ary aquifer 

types are the surficial sands and gravels of the north 
ern one-third and central parts of the basin and the 
buried sands and gravels of the northern and central
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Table 4. 
C

haracteristics of aquifer types in the St. Joseph R
iver basin

[<, less than; locations of aquifer types show
n in fig. 23]

A
quifer type

S
u

rficial sand and g
ravel

Thickness 
(feet)

0
-1

6
0

R
ange of yield 
(gallons per 

m
inute)

U
25-2,000

C
om

m
on nam

es

St. Joseph and T
rib

u
tary V

alley,
H

ow
e O

utw
ash, and H

illtop 
A

quifer System
s2; V

alley train 
and outw

ash plain deposits1;

B
uried sand and gravel

Sand and gravel in buried 
bedrock valley

D
iscontinuous sand and gravel

5- 
90

20-480

<5- 
80

25-1,000

1'2100-2,000 

U
20- 

600

N
atural L

akes and M
oraine, 

H
ow

e O
utw

ash, St. Joseph, 
Topeka, and K

endallville A
qui 

fer System
s

St. Joseph A
quifer System

2; 
Preglacial valley deposits3

N
appanee, K

endallville, and 
N

atural L
akes and M

oraine A
qui 

fer System
s2; U

nit 2
l

'H
unn and R

osenshein, 1969. 
Indiana D

epartm
ent of N

atural R
esources, 1987. 

3Pettijohn, 1968.

parts. M
inor aquifer types include the buried pre- 

glacial bedrock valleys along the Indiana-M
ichigan 

State line and the discontinuous sand and gravel 
aquifer m

aterial across the central one-third and 
southern boundary of the basin.

Potential bedrock aquifers are not m
apped in 

the St. Joseph R
iver basin because of their great 

depth and infrequent use. T
he Silurian and D

evonian 
carbonate rocks have the greatest potential as a bed 
rock ground-w

ater source. Sandstone deposits w
ithin 

the C
oldw

ater shale in the northeast part of the basin 
are also potential bedrock aquifers.
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B
y Joseph M

. Fenelon

G
eneral D

escription

T
he K

ankakee R
iver basin, located in north-

^
w

estern Indiana, is the sixth largest (2,989 m
i ) of the 

12 w
ater-m

anagem
ent basins in the State. T

he basin 
includes m

ost of N
ew

ton, Jasper and Starke C
ounties 

and one-half to tw
o-thirds of L

ake, Porter, L
aPorte, 

St. Joseph, M
arshall and B

enton C
ounties (fig. 24). 

M
ost of the tow

ns in the basin are farm
ing com

m
u 

nities; the largest cities are L
aPorte, Plym

outh, K
nox, 

and R
ensselaer.

Previous Studies

Prelim
inary reports of the ground-w

ater 
resources have been published for all of the counties 
in the K

ankakee R
iver basin except B

enton C
ounty 

(R
osenshein, 1961; 1962; R

osenshein and H
unn, 

1962a; 1962b; 1964a; 1964b; 1964c; 1964d). T
he 

reports include prelim
inary evaluations of the 

ground-w
ater resources, and tabulated w

ell records 
for about 6.500 w

ells, including lithologic descrip 
tions for about 2,500 w

ells and w
ater-quality data 

from
 about 2,000 w

ells. A
pproxim

ately 40 percent 
of the w

ell records are from
 w

ells in the K
ankakee

R
iver basin. 

The principal aquifers in L
ake, Porter, 

L
aPorte, and St. Joseph C

ounties w
ere described by 

R
osenshein (1963), R

osenshein and H
unn (1968a; 

1968b), H
unn and R

eussow
 (1968), and H

unn and 
R

osenshein (1969). 
T

hese authors described and 
m

apped the geom
etry and potentiornetric surfaces of 

the m
ajor aquifers, expected w

ell yields, and general 
w

ater quality. 
T

hey also estim
ated hydraulic prop 

erties for the aquifers and associated confining units, 
and they determ

ined sources and am
ounts of recharge 

to and discharge from
 the aquifers.

T
he geologic fram

ew
ork of the aquifers in the 

V
alparaiso M

oraine and the K
ankakee R

iver L
ow

 
land is discussed in E

raser and B
leuer (I991a; 

1991b). 
The reports discuss the geology of the 

unconsolidated deposits and the principal aquifers 
throughout m

uch of the northw
estern part of the 

K
ankakee R

iver basin.

T
he w

estern one-half of the basin w
as further 

studied by other authors. 
H

artke and others (1975) 
described the aquifers in L

ake and Porter C
ounties. 

T
hey sum

m
arized ground-w

ater use and the potential 
for future use. T

hey also qualitatively m
apped the 

potential for aquifer contam
ination. 

T
he effects of 

ground-w
ater w

ithdraw
als for irrigation on the 

ground-w
ater system

 in N
ew

ton and Jasper C
ounties 

w
ere described in several reports (B

ergeron, 1981; 
B

asch and Funkhouser, 1985; A
rihood, in press).

A
 report on the w

ater and land resources of the 
K

ankakee R
iver basin includes inform

ation on the 
general ground-w

ater availability, ground-w
ater 

flow
, bedrock elevation, and the geom

etry and areal 
extent of the prim

ary aquifers (State of Indiana and 
others, 1976). A

 com
prehensive report on the w

ater 
resources of the K

ankakee R
iver basin prepared by 

the Indiana D
epartm

ent of N
atural R

esources (1990) 
includes m

uch of the sam
e type of inform

ation as the 
1976 report, but in m

ore detail. 
In addition, infor 

m
ation on ground-w

ater use and ground-w
ater 

quality is presented.

G
eneral descriptions of the aquifers in the 

K
ankakee R

iver basin have been reported by H
arrell 

(1935) and C
lark (1980) w

ho described the m
ajor 

aquifers and the ground-w
ater availability in the area.

P
hysiography

T
he K

ankakee R
iver basin lies prim

arily 
w

ithin the N
orthern M

oraine and L
ake R

egion, w
hich 

includes the V
alparaiso M

orainal A
rea, the K

ankakee 
O

utw
ash and L

acustrine Plain, and the Steuben 
M

orainal L
ake A

rea; the southw
estern part of the 

basin lies w
ithin the T

ipton Till Plain (figs. 2 and 25).

T
he V

alparaiso M
orainal A

rea, in the north 
w

estern part of the basin, is com
posed of an arc- 

shaped end m
oraine com

plex that parallels the 
southern shore of L

ake M
ichigan from

 Illinois 
through northw

estern Indiana into M
ichigan. 

T
he 

rnorainal com
plex m

arks a term
inal position of the 

L
ake M

ichigan ice lobe (B
retz, 1955, p. 106-108) and 

separates the K
ankakee R

iver basin from
 the L

ake 
M

ichigan basin to the north. E
levations in the 

rnorainal com
plex generally range from

 700 to 800 ft 
above sea level w

est of V
alparaiso, Ind. (fig. 12) and 

800 to 950 ft above sea level along the crest of the 
m

oraine east of V
alparaiso. 

T
he w

estern end of the 
com

plex is w
ide and gently undulating. 

It contains 
till ridges on the top of the com

plex and outw
ash 

sands on the southern flank that extend northw
ard 

beneath the m
oraine (see Fraser and B

leuer, 199Ib). 
E

ast of V
alparaiso, only a thin part of the V

alparaiso 
M

orainal A
rea near the crest of the rnorainal com

plex 
lies w

ithin the basin.

T
he K

ankakee O
utw

ash and L
acustrine Plain 

lies south and southeast of the V
alparaiso M

orainal 
A

rea and covers about tw
o-thirds of the basin. It is a 

broad, flat, and poorly drained area that is prim
arily 

covered by glacial outw
ash, dune sand, alluvial 

deposits, and lake sand. 
T

he southw
estern boundary 

encom
passes the Iroquois M

oraine of W
isconsinan 

age (fig. 25).

T
he Steuben M

orainal L
ake A

rea occupies 
southern St. Joseph C

ounty and m
ost of M

arshall 
C

ounty in the far eastern part of the basin. 
T

he part 
of the Steuben M

orainal L
ake area w

ithin the basin 
consists of gently undulating till plains created by the 
w

estern advance of the H
uron-E

rie and Saginaw
 

L
obes of the W

isconsinan ice sheet and the eastern 
advance of the L

ake M
ichigan L

obe (G
ray, 1989) 

(fig. 8).

T
he T

ipton Till Plain extends throughout 
central Indiana and occupies a sm

all part of the 
K

ankakee R
iver basin in B

enton C
ounty and extrem

e 
southern N

ew
ton and Jasper C

ounties. 
It is bounded 

by the K
ankakee O

utw
ash Plain on the north side and 

is a nearly flat to gently undulating W
isconsinan till 

plain.

Surface-W
ater Hydrology

r\

T
he K

ankakee R
iver drains 5,165 m

i 
in north 

eastern Illinois and northw
estern Indiana (State of 

Indiana and others, 1976, p. H
I-1). 

W
ithin Indiana, 

the K
ankakee R

iver basin has an area of 2,989 m
i2 

(H
oggatt, 1975). T

he K
ankakee R

iver begins in 
northw

estern St. Joseph C
ounty and flow

s southw
est 

for about 80 rni before reaching Illinois (fig. 24). 
B

efore developm
ent of the area, the K

ankakee R
iver 

w
as a large, m

eandering river surrounded by 
m

arshes. 
N

ow
 the river in Indiana is ditched, has a 

gradient of about 1 ft/m
i, and has been shortened to 

about one-third of its natural stream
 length (State of 

Indiana and others, 1976, p. H
I-24).

M
ost of the northern part of the basin is 

bounded by the V
alparaiso M

oraine (fig. 25), w
hich 

form
s a m

ajor divide separating drainage to the 
M

ississippi R
iver from

 drainage to the St. L
aw

rence 
R

iver. 
T

he m
ajor northern tributaries of the K

an 
kakee R

iver, w
hich flow

 from
 the V

alparaiso 
M

oraine, are the L
ittle K

ankakee R
iver, C

rooked 
C

reek, and Singleton D
itch. M

ajor tributaries to the 
south are Pine C

reek, the Y
ellow

 R
iver, and the 

Iroquois R
iver (fig. 24). 

T
he Iroquois R

iver drains 
about one-fourth of the basin (843 m

i2 in Indiana) 
and joins the K

ankakee R
iver in Illinois. T

he Y
ellow

 
R

iver has a drainage area of 439 rni2, all w
ithin 

Indiana (State of Indiana and others, 1976, p. 111-24). 
In all, there are m

ore than 30 tributaries to the 
K

ankakee R
iver, m

any of them
 ditch system

s.

Lakes occupy about 16 m
i2 of the basin, less 

than 1 percent of the surface area. T
hree lakes have 

areas of about 2 m
i2 and five lakes have areas of 0.5

^
to 1.5 m

i 
(State of Indiana and others, 1976, 

p. 111-26).

K
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Figure 25. P
hysiographic units and m

oraines in the K
ankakee R

iver basin.

G
eology

B
edrock D

eposits

The m
ajor structural feature in the K

ankakee 
R

iver basin is the K
ankakee A

rch, a northern 
extension of the C

incinnati A
rch, w

hich trends 
northw

est to southeast (fig. 4). The rocks on the 
north side of the K

ankakee A
rch dip northeast tow

ard 
the M

ichigan B
asin, w

hereas the rocks on the south 
side dip southw

est tow
ard the Illinois B

asin. W
ithin 

the K
ankakee R

iver basin, the rocks on both sides of 
the arch dip approxim

ately 10 to 20 ft/m
i. R

ocks 
beneath large areas of Lake, Jasper, and Pulaski

C
ounties, how

ever, are on the crest of the arch and 
are nearly flat lying.

M
ore than 4,000 ft of gently dipping 

sedim
entary bedrock overlies Precam

brian granitic 
bedrock (R

osenshein and H
unn, 1968 a, p. 7; H

artke 
and others, 1975, p. 4). A

pproxim
ately 3,500 ft of 

the sedim
entary bedrock is of C

am
brian and O

rdo- 
vician age. The upperm

ost O
rdovician rocks, collec 

tively called the M
aquoketa G

roup, consist of 200 to 
300 ft of shale and m

inor lim
estone (G

ray, 1972, 
p. 4-6) at depths of 600 to 1,000 ft below

 land 
surface.
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O
verlying the M

aquoketa G
roup are Silurian 

rocks exposed at the bedrock surface in the north 
w

estern part of the K
ankakee R

iver basin and 
Silurian, D

evonian, and M
ississippian rocks exposed 

at the bedrock surface in m
uch of the rest of the basin 

(fig. 26). The Silurian rocks are com
posed of 400 to 

600 ft of dolom
ite and som

e lim
estone (H

artke and 
others, 1975, p. 4) and consist of a w

ide range of 
carbonate rocks ranging from

 shaley to pure and fine 
to coarse-grained carbonate rocks; the low

er 40 to 
50 feet is very cherty (Shaver and others, 1986). The 
Silurian rocks com

pose the Sexton C
reek Lim

estone, 
the Salam

onie D
olom

ite, and the Salina G
roup. The 

Salina G
roup includes units consisting of reef facies 

and attains thicknesses of 400 ft in Lake and N
ew

ton 
C

ounties (Shaver and others, 1986, p. 134).

The D
evonian and M

ississippian rocks consist 
of several hundred feet of dolom

ite and lim
estone 

overlain by shale; these rocks com
pose the M

usca- 
tatuck G

roup and the N
ew

 A
lbany Shale or the 

A
ntrim

 and Ellsw
orth Shales. The M

uscatatuck 
G

roup overlies the Silurian rocks and attains thick 
nesses of as m

uch as 200 ft (Shaver, 1974, p. 5). The 
G

roup is com
posed of a w

ide variety of im
pure to 

pure and fine to coarse-grained dolom
ite and lim

e 
stone, and, in places, it contains anhydrite and 
gypsum

 in its low
er part (Shaver and others, 1986,

p. 99). O
verlying the D

evonian carbonate rocks in 
the northeastern part of the basin is the A

ntrim
 Shale, 

a brow
nish-black, noncalcareous shale (Shaver and 

others, 1986, p. 5). The Ellsw
orth Shale overlies the 

A
ntrim

 Shale and is of D
evonian and M

ississippian 
age. 

The E
llsw

orth Shale is a grayish-green shale 
that contains lim

estone or dolom
ite lenses in its upper 

part and alternating beds of grayish-green and 
brow

nish-black shale in its low
er part (Shaver and 

others, 1986, p. 42). In the southw
estern part of the 

basin, the N
ew

 A
lbany Shale, w

hich correlates w
ith 

and is sim
ilar in lithology to the A

ntrim
 and Ells 

w
orth Shales, overlies the D

evonian carbonate rocks 
(Shaver and others, 1986, p. 101).

In the southw
estern part of the basin, the 

D
evonian and M

ississippian shales are overlain by 
the R

ockford L
im

estone and B
orden G

roup of M
is 

sissippian age (G
ray and others, 1987). The 

R
ockford L

im
estone consists of 2 to 20 ft of gray 

clayey lim
estone and underlies 485 to 800 ft of gray 

clayey siltstone and shale know
n as the B

orden 
G

roup (Shaver and others, 1986, p. 17-18).

/^

A
 sm

all (5 m
i ) com

plexly deform
ed structure 

know
n as the K

entland anom
aly or dom

e is near 
K

entland, Ind. in southern N
ew

ton C
ounty (fig. 26). 

This structure consists of steeply dipping O
rdovician 

and Silurian rocks that have been uplifted approxi 
m

ately 2,000 ft. A
djacent to the area are relatively 

flat-lying M
ississippian and Pennsylvanian rocks. 

M
eteorite im

pact, volcanism
, and faulting have been 

proposed as explanations of the anom
aly (G

utschick, 
1976).The bedrock surface is a preglacial erosional 
feature that has been further scoured by glacial 
erosion. 

Several preglacial bedrock-valley system
s 

are buried beneath glacial deposits (B
leuer, 1989) 

(fig. 7). The Silurian and D
evonian carbonate rocks 

exposed at the bedrock surface contain significant 
fractures and solution features in the upper 100 to 
200 ft of the bedrock (R

osenshein and H
unn, 1968a, 

p. 10; H
artke and others, 1975, p. 4; B

ergeron, 1981, 
p. 15; B

asch and Funkhouser, 1985, p. 33).

K
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iver B
asin 

37



 'o
fr$>.

Figure 26. B
edrock geology of the 

K
ankakee R

iver basin.
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U
nconsolidated D

eposits

T
he unconsolidated deposits in the K

ankakee 
R

iver basin are largely the result of glacial, glacio- 
fluvial, lake, w

etland, and w
ind-blow

n sedim
en 

tation. 
T

hey consist of clay, silt, and sandy loam
 

tills; sand and gravel outw
ash; sand dunes; sand, silt 

and clay lake deposits; and peat. 
T

hicknesses of 
unconsolidated deposits range from

 less than 50 ft in 
the w

estern one-half of the basin to about 350 ft at 
the northern basin divide near L

aporte, Ind. (fig. 27).

G
laciers advanced through the K

ankakee 
R

iver basin a num
ber of tim

es before W
isconsinan 

tim
e. M

ost of w
hat is preserved, how

ever, is a result 
of the last several advances. 

D
uring the W

iscon 
sinan A

ge, ice actively advanced through the basin 
and eroded or overrode m

ost of the older glacial 
deposits (fig. 8).

T
he L

ake M
ichigan ice lobe overrode m

ost of 
the K

ankakee R
iver basin as it advanced south of the 

basin. 
W

here the eastern edge of the ice stalled at a 
till upland on the east side of the basin in central 
M

arshall and St. Joseph C
ounties, it form

ed the 
M

axinkuckee M
oraine (fig. 25), w

hich has been 
interpreted as an outw

ash fan head (B
leuer and 

M
elhorn, 1989, p. 44). 

T
w

o other ice lobes w
ere 

also active in northw
estern Indiana at this tim

e. 
T

he 
Saginaw

 L
obe advanced southw

est into eastern 
M

arshall and St. Joseph C
ounties. It sat in a low

land 
east of the M

axinkuckee M
oraine and deposited till 

in the eastern part of the K
ankakee R

iver basin 
(G

ray, 1989). 
T

he third lobe, the H
uron-E

rie L
obe, 

advanced w
est into Indiana, south of the Saginaw

 
L

obe and east of the L
ake M

ichigan L
obe.

A
s the L

ake M
ichigan L

obe receded, it form
ed 

the till-cored Iroquois M
oraine (fig. 25) and a 

proglacial lake that covered a large area of the 
K

ankakee R
iver basin betw

een the ice to the north 
and the Iroquois M

oraine to the south (Fraser and 
B

leuer, 1991b, p. 5). 
L

ake m
uds, in excess of 30 ft, 

w
ere deposited in the lake, and basal and ablation 

tills w
ere later deposited over the m

uds (Fraser and 
B

leuer, 1991, p.5; G
ray, 1989).

A
fter the L

ake M
ichigan L

obe receded, the 
H

uron-E
rie L

obe advanced w
est across the southern 

half of the basin, overriding the Iroquois M
oraine

and depositing thin (10 to 30 ft) tills in B
enton and 

southern N
ew

ton and Jasper C
ounties (G

ray, 1989).

T
he L

ake M
ichigan L

obe retreated to a 
bedrock high on the northern edge of the K

ankakee 
R

iver basin, w
here it form

ed the V
alparaiso M

oraine 
(fig. 25). 

T
he upper part of the m

oraine is dom
i- 

nantly till on the w
estern side, but it contains pro 

gressively m
ore sand to the east until it becom

es 
prim

arily a giant outw
ash fan head in L

aP
orte 

C
ounty.W

hile the ice w
as form

ing the V
alparaiso 

M
oraine, large volum

es of outw
ash w

ere deposited 
in a 5- to 15-m

ile w
ide band from

 the southern edge 
of the m

oraine to south of the K
ankakee R

iver. 
South of the river, large areas of the outw

ash w
ere 

rew
orked by w

ind to form
 extensive dune sand 

deposits. 
A

lso deposited in the low
land betw

een the 
V

alparaiso, Iroquois, and M
axinkuckee M

oraines 
w

ere sm
all areas of lake sand and clay. 

T
he sandy 

sedim
ents overlie till, lake m

uds, or bedrock 
throughout m

uch of the basin. 
T

he sand extends 
north into L

ake and Porter C
ounties beneath the till 

and ice-contact stratified deposits of the V
alparaiso 

M
oraine. 

In central N
ew

ton and Jasper C
ounties, 

the sand pinches out on the till of the Iroquois 
M

oraine. 
In w

estern M
arshall C

ounty and southern 
St. Joseph C

ounty, it term
inates in the till and ice- 

contact stratified deposits of the M
axinkuckee 

M
oraine.

A
quifer Types

N
ine hydrogeologic sections (3A

-3A
' to 

31-31') w
ere produced for this atlas to show

 the 
general hydrostratigraphy of the K

ankakee R
iver 

basin (fig. 28). 
S

even of the sections are oriented 
from

 south to north; tw
o are oriented from

 w
est to 

east (fig. 24). 
A

 total of 490 w
ell logs w

ere used to 
produce the sections; 72 w

ell logs are from
 test holes 

that are unrelated to w
ater use. 

T
he average density 

of logged w
ells plotted along the section line is 

1.4 w
ells per m

ile. 
Several m

aps of Indiana w
ere 

used to produce the sections including bedrock 
topography (G

ray, 1982), surficial geology (G
ray, 

1989), bedrock geology (G
ray and others, 1987),

and structure on the base of the N
ew

 A
lbany Shale 

(B
assett and H

asenm
ueller, 1979).

A
dequate supplies of ground-w

ater for 
dom

estic use can be found throughout the K
ankakee 

R
iver basin. 

U
nconsolidated sands and gravels and 

S
ilurian and D

evonian carbonate bedrock are the 
m

ost productive aquifers. 
T

he prim
ary unconsoli 

dated aquifers are surficial sands in the central part 
of the basin and buried sands and gravels in the 
northern and eastern parts of the basin. 

T
he car 

bonate bedrock aquifer underlies the entire basin, 
but is only im

portant as a source of w
ater in the 

w
estern one-half of the basin. 

O
ther locally im

por 
tant unconsolidated aquifers are discontinuous 
surficial sands and gravels in the three m

orainal 
areas and discontinuous buried sands in the south 
w

estern part of the basin. 
A

n upper w
eathered- 

bedrock aquifer com
posed of lim

estone, shale, and 
m

inor am
ounts of sandstone is som

etim
es used in 

the southw
estern part of the basin. 

T
able 5 sum

m
a 

rizes characteristics of the six aquifer types m
apped 

in figure 29.

U
n

co
n

so
lid

ated
 A

q
u

ifers

S
urficial S

and and G
ravel A

quifer

A
 surficial sand and gravel aquifer covers 

about one-half of the basin (fig. 29) and is show
n in 

the central part of sections 3A
-3A

', 3B
-3B

', and 
31-31', m

ost of sections 3C
-3C

' and 3D
-3D

', and 
the northern part of section 3E

-3E
' (fig. 28). 

It 
extends along a 15- to 25-m

ile w
ide band that trends 

east-northeast along the K
ankakee R

iver from
 

Illinois to M
ichigan. It is bounded by the V

alparaiso 
M

oraine on the north, the Iroquois M
oraine on the 

south, and the M
axinkuckee M

oraine on the east 
(fig. 25). 

T
he aquifer, w

hich is underlain by clay 
that can be m

ore than 100 ft thick in som
e places, 

locally overlies bedrock, as show
n in the central part 

of section 3C
-3C

' and sm
all areas of sections 

3B
-3B

' and 31-31' (fig. 28).

T
he northern tw

o-thirds of the surficial sand 
and gravel aquifer is com

posed of outw
ash that lies 

adjacent to and south of the V
alparaiso M

oraine. 
T

he southern one-third of the aquifer is com
posed of

a m
antle of dune sand over outw

ash. T
he dune sand 

is m
ostly rew

orked outw
ash sand at higher eleva 

tions than the adjacent outw
ash. 

T
he surficial sand 

and gravel aquifer also includes sm
all areas of lake 

sand and alluvial m
aterial along the central parts of 

the K
ankakee and Y

ellow
 R

ivers. T
he aquifer 

m
aterial is m

ostly sand to the southw
est and sand 

and gravel to the northeast (State of Indiana and 
others, 1976, p. IE

-28).

T
he surficial aquifer is unconfined and is 

recharged prim
arily from

 direct precipitation. 
Som

e 
recharge also com

es from
 ground-w

ater flow
 from

 
the bedrock (H

artke and others, 1975, p. 30) and 
from

 the buried sand and gravel beneath the V
al 

paraiso M
oraine. T

he hydraulic connection betw
een 

the surficial and buried sand and gravel aquifers can 
be seen in T. 33 N

. of section 3B
-3B

' and T. 36 N
. 

of section 3C
-3C

' (fig. 28). 
M

ost of the ground 
w

ater flow
s from

 topographically high areas and 
discharges to the rivers and ditches at low

er eleva 
tions (B

ergeron, 1981, p. 21). 
T

he K
ankakee, 

Iroquois, and Y
ellow

 R
ivers function as the m

ajor 
regional discharge areas for the basin (State of 
Indiana and others, 1976, plate 10).

D
epths to the w

ater table range from
 0 to m

ore 
than 50 ft below

 land surface, but are generally 10 to 
20 ft. 

W
ater levels in the aquifer fluctuate about 

5 ft/yr because of variations in natural recharge and 
discharge (A

rihood, in press); levels are highest in 
the early spring and the low

est in the sum
m

er 
(B

ergeron, 1981, p. 23; A
rihood, in press). Pum

ping 
of the bedrock aquifer for irrigation causes little 
noticeable effect on w

ater levels in the surficial 
aquifer (B

asch and Funkhouser, 1985, p. 31-33).

T
he saturated thickness of the surficial aquifer 

typically ranges from
 20 to 50 ft in the southw

estern 
part of the basin and from

 50 to 100 ft in the north 
eastern part (State of Indiana, 1976, plate 11). 
L

ocally, the saturated thickness exceeds 150 ft, as 
show

n in T. 37 N
. of section 3D

-3D
' (fig. 28). 

G
round-w

ater yields from
 the surficial aquifer can 

be as great as 2,000 gal/m
in but are com

m
only m

uch 
less. 

G
enerally, a properly constructed w

ell can be 
expected to produce betw

een 200 and 600 gal/m
in 

(H
artke and others, 1975, p. 30; C

lark, 1980).
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D
iscontinuous S

urficial S
and and G

ravel A
quifers

D
iscontinuous surficial sand and gravel 

aquifers are found in the eastern part of the basin 
(fig. 29) and are show

n in the southern part of section 
3E

-3E
', m

ost of section 3F
-3F

', and the eastern part 
of section 31-31' (fig. 28). 

M
ost of the aquifers are 

located in the M
axinkuckee and V

alparaiso m
orainal 

areas and are a part of a com
plex m

ixture of ice- 
contact stratified drift, outw

ash, and till. Individual 
aquifers range from

 a few
 feet to 100 ft in thickness. 

T
he discontinuous surficial sand and gravel is usually 

not used as a w
ater supply, because it is com

m
only 

unsaturated or located above buried sand and gravel 
aquifers.

B
uried S

and and G
ravel A

quifers

B
uried sand and gravel aquifers are present in 

m
ore than one-quarter of the basin and are show

n in 
three areas of figure 29. A

 m
ajor aquifer is in the 

northern part of the basin, a second sm
aller area of 

buried aquifers is in the southw
estern part of the

basin, and a third area of buried aquifers, discussed in 
the follow

ing section entitled "D
iscontinuous B

uried 
Sand and G

ravel A
quifers" is in the eastern part of 

the basin.

T
he northern buried sand and gravel aquifer is 

part of the V
alparaiso M

oraine and can best be seen 
in the northern parts of sections 3A

-3A
' and 3B

-3B
' 

(fig. 28). T
he sand and gravel form

 a single, partially 
confined aquifer (25 to 100 ft thick) that is buried 
beneath about 20 to 50 ft of clay till. T

he aquifer 
probably overlies clay throughout m

uch of its extent 
in the K

ankakee R
iver basin, although in som

e areas, 
such as section 3B

-3B
' (fig. 28), no inform

ation is 
available as to w

hat underlies the sand and gravel.

T
he northern buried aquifer is recharged 

through the overlying till. T
he buried aquifer dis 

charges to the surficial aquifer w
here they are 

hydraulically connected, as w
ell as to the land surface 

through the overlying till or to the bedrock through 
the underlying till (R

osenshein and H
unn, 1968b). 

W
ater depths are generally 20 to 50 ft below

 land

surface; the deeper w
ater levels are to the north, near 

the crest of the m
oraine. 

Y
ields from

 the aquifer are 
generally 10 to 100 gal/m

in, but yields exceed 
1,000 gal/m

in in places.

A
 second area of buried sand and gravel 

aquifer is the southw
estern part of the basin beneath 

the Iroquois R
iver in a buried bedrock valley. T

he 
aquifer, present beneath the river in section 3A

-3A
' 

(fig. 28), has a thickness that ranges from
 several feet 

to about 70 ft and averages 25 ft. T
he aquifer directly 

overlies bedrock and is buried beneath 20 to 100 ft of 
clay. R

echarge to the aquifer is prim
arily from

 the 
underlying bedrock, and discharge is through the 
overlying clay to the Iroquois R

iver (B
ergeron, 1981, 

p. 15-22).D
iscontinuous B

uried S
and and G

ravel A
quifers

M
ost of the eastern part of the basin contains 

discontinuous buried sand and gravel aquifers. 
B

uried aquifers that are continuous for 5 to 10 m
i 

along a section line, such as those show
n in the 

southern part of section 3E
-3E

' and in section 
3F

-3F
' (fig. 28), w

ere m
apped as "buried sand and 

gravel aquifer" (fig. 29). D
iscontinuous buried sand 

and gravel aquifer w
as m

apped to the east and w
est 

of this area w
here the aquifers are laterally con 

tinuous for only 1 to 5 m
i. 

T
hese discontinuous 

aquifers are a significant source of ground w
ater. In 

general, the areas of "buried" and "discontinuous 
buried" aquifers in the eastern part of the basin differ 
little in their w

ater-bearing capacity.

T
hroughout the eastern part of the basin, the 

"buried" and "discontinuous buried" aquifers are 
com

m
on; a dom

estic w
ater supply generally can be 

found w
ithin 150 ft of the land surface (see southern 

part of sections 3D
-3D

' and 3E
-3E

', sections 
3F

-3F
' and 3G

-3G
', and eastern part of section 

31-31'; fig. 28). M
ultiple buried sand and gravel 

aquifers are com
m

on; individual aquifer thicknesses 
range from

 5 to 50 ft. W
ell depths are generally 50 to 

150 ft; a few
 w

ells in the far eastern part of the basin 
are deeper than 150 ft. G

round-w
ater yields from

 
these aquifers are generally 10 to 500 gal/m

in but are 
greater than 1,000 gal/m

in in som
e areas.
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Table 5. 
C

haracteristics of aquifer types in the K
ankakee R

iver basin
[>, greater than; <, less than; locations of aquifer types show

n in fig. 29]

A
quifer type

Thickness 
(feet)

R
ange of yield
(gallons per

m
inute)

C
om

m
on nam

e(s)

Surficial sand and gravel 
0-175 

L
^
iO

- 
2,000

B
uried sand and gravel 

5-100 
U

'410->1,000

D
iscontinuous surficial sand and 

10-100 
N

o data 
gravel

D
iscontinuous buried sand and 

2- 
50 

5- 
1,000 

gravel

C
arbonate bedrock 

500-800 
5- 

2,000

U
pper w

eathered bedrock 
50-125 

<1- 
20

K
ankakee aquifer4'5; U

nit 31'2-3; 
K

ankakee and V
alparaiso O

ut- 
w

ash A
pron A

quifer System
s6

V
alparaiso aquifer5; U

nit 3 1>2>3; 
V

alparaiso M
oraine, 

M
axinkuckee M

oraine, and 
N

appanee A
quifer System

s

M
axinkuckee M

oraine A
quifer 

System
6

U
nit 3 ; Iroquois B

asin and 
E

olian Sands A
quifer System

s

Silurian-D
evonian carbonate 

aquifer; Sexton C
reek L

im
estone, 

Salam
onie D

olom
ite, Salina 

G
roup, and M

uscatatuck G
roup7

M
ississippian B

orden G
roup7

R
osenshein and H

unn, 1968a. 
2R

osenshein and H
unn, 1968b.

H
unn and R

osenshein, 1969. 
4State of Indiana and others, 1976. 
5H

artke and others, 1975. 
6Indiana D

epartm
ent of N

atural R
esources, 1990. 

7Shaver and others, 1986.

A
n area of discontinuous buried aquifers in the 

southw
estern part of the basin is w

ithin, and south of, 
the Iroquois M

oraine (fig. 29). T
hese aquifers can be 

seen in the southern parts of sections 3A
-3A

' and 
3B

-3B
' and in the eastern part of section 3H

-3H
' 

(fig. 28). T
he aquifers are sm

aller and less abundant 
than the buried discontinuous sand and gravel aqui 
fers in the eastern part of the basin. Individual 
aquifers typically are thin (2 to 15 ft) and cover less 
than 1 m

i . T
hey are recharged from

 the surrounding 
clay m

aterial and are tapped for w
ater supplies if no 

better aquifers are available (such as in section 
3A

-3A
', fig. 28). Y

ields from
 these intratill aquifers

range from
 5 to 50 gal/m

in but are com
m

only 10 to 
20 gal/m

in. D
epths to the aquifers can exceed 150 ft 

but are generally 50 to 100 ft.

B
edrock A

quifersC
arbonata B

edrock A
quifer

Silurian and D
evonian carbonate bedrock, 

consisting m
ostly of dolom

ite and lim
estone, form

s 
the principal bedrock aquifer in the K

ankakee R
iver 

basin. 
A

lthough it is present throughout the basin, it

is m
ostly used as a w

ater supply in the w
estern part of 

the basin (fig. 29; sections 3A
-3A

', 3B
-3B

', 
3H

-3H
', and 31-31', and the southern parts of 

3C
-3C

' and 3D
-3D

', fig. 28). T
he carbonate bedrock 

is found at the bedrock surface in m
ost of L

ake, 
N

ew
ton, and Jasper C

ounties. In the rem
aining parts 

of the basin, it is covered by as m
uch as 300 ft of 

shale in addition to 100 to 300 ft of overlying uncon- 
solidated deposits (fig. 27). 

C
arbonate bedrock is 

show
n at land surface in parts of section 3H

-3H
' 

(fig. 28) but it is m
ore than 500 ft below

 land surface 
in the northern parts of sections 3D

-3D
' and 3F

-3F
' 

(fig. 28).

T
he carbonate bedrock aquifer is generally 500 

to 600 ft thick except in the northeastern part of the 
basin, w

here it attains a thickness of 800 ft. T
he 

upper part of the aquifer is highly perm
eable because 

of the enlargem
ent of fractures, joints, and bedding 

planes by pre-Pleistocene w
eathering. T

he density of 
the fractures and joints decreases w

ith depth 
(B

ergeron, 1981, p. 15). 
T

he carbonate bedrock 
aquifer also includes reef structures w

ithin the 
Silurian rocks that can be highly fractured (A

ult and 
others, 1976). 

T
hese fractures are excellent conduits 

for ground w
ater.

M
ost dom

estic w
ells penetrate only the upper 

10 to 150 ft of the carbonate bedrock, as show
n in 

section 3H
-3H

' and the southern part of section 
3B

-3B
' (fig. 28). M

any high-capacity irrigation, 
industrial, and m

unicipal w
ells have been com

pleted 
in the carbonate bedrock in N

ew
ton and Jasper 

C
ounties betw

een the K
ankakee and Iroquois R

ivers. 
M

ost of the high-capacity w
ells are used to irrigate 

crops grow
n in the K

ankakee outw
ash and surficial 

dune sands, such as those show
n in the central part of 

section 3A
-3A

' (fig. 28). T
he high-capacity w

ells 
generally penetrate m

ore than 200 ft of carbonate 
bedrock; a few

 penetrate m
ore than 500 ft.

In the northeastern and extrem
e southw

estern 
parts of the basin, the carbonate bedrock aquifer is 
not used because of the availability of w

ater in the 
unconsolidated aquifers, the greater depth to the 
carbonate bedrock aquifer, and potentially high 
concentration of dissolved solids in the w

ater 
(R

osenshein and H
unn, 1968b, p. 5). T

he boundary

of the carbonate bedrock aquifer is m
apped w

here the 
top of the carbonate bedrock aquifer is generally 
greater than 300 ft below

 land surface (fig. 29), but 
this boundary does not necessarily separate the 
usable from

 the unusable parts of the aquifer. 
T

he 
aquifer is generally not used w

here m
ore than 200 ft 

of unconsolidated m
aterial and(or) shale cover it, and 

it is rarely used w
here m

ore than 300 ft of m
aterial 

cover it, because of the reasons given above.

D
evonian and M

ississippian shales and the 
low

er till unit confine the upper surface of the car 
bonate bedrock aquifer throughout m

ost of the basin. 
T

he shales are potential sources of sm
all quantities of 

w
ater (R

osenshein and H
unn, 1968a; 1968b; 

A
rihood, in press). 

A
t depths of greater than 600 ft, 

the low
er carbonate bedrock surface is underlain by 

200 to 250 ft of shale interbedded w
ith som

e lim
e 

stone (G
ray, 1972). R

echarge to the carbonate 
bedrock aquifer is m

ostly from
 the till and upper 

shale, and discharge is to the m
ajor rivers in the basin 

(A
rihood, in press). W

ell yields are generally 5 to 
50 gal/m

in, although high-capacity w
ells can produce 

as m
uch as 1,500 to 2,000 gal/m

in (B
asch and 

Funkhouser, 1985, p. 34). D
uring the irrigation 

season, w
ater levels in the bedrock are low

ered 5 to 
80 ft by pum

ping (A
rihood, in press), but m

ost w
ells 

are able to recover fully before the beginning of the 
next season.

U
pper W

eathered-B
edrock A

quifer

M
ississippian lim

estone, siltstone, and shale 
are found at the bedrock surface in the southw

estern 
part of the basin in B

enton C
ounty (fig. 29). A

s 
m

uch as 200 ft of the M
ississippian bedrock is show

n 
in the southern part of section 3A

-3A
' (fig. 28). 

W
ater w

ells in the section penetrate 10 to 125 ft of 
the upper part of the bedrock. T

he upper w
eathered 

bedrock, w
here perm

eability has probably been 
enhanced due to preglacial w

eathering, is show
n as 

"aquifer." In general, the M
ississippian bedrock is a 

poor w
ater producer. 

Y
ields from

 w
ells into the 

M
ississippian bedrock show

n in section 3A
-3A

' 
(fig. 28) range from

 less than 1 to 20 gal/m
in.

K
ankakee R

iver B
asin 
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M
A

U
M

E
E

 R
IV

E
R

 B
A

S
IN

B
y T

heodore K
. G

reem
an

G
eneral D

escription

T
he M

aum
ee R

iver basin in northeastern 
Indiana is 1,283 m

i2 and includes parts of A
dam

s, 
A

lien, D
ekalb, N

oble, and Steuben C
ounties (fig. 30). 

Principal cities w
ithin the M

aum
ee R

iver basin 
include A

uburn, D
ecatur, Fort W

ayne, G
arrett and 

N
ew

 H
aven. 

T
he M

aum
ee R

iver begins in Fort 
W

ayne, Ind. at the confluence of the St. M
arys and 

St. Joseph R
ivers. M

ost of the M
aum

ee R
iver basin 

in Indiana is drained by these tw
o tributaries. 

From
 

the confluence, the M
aum

ee R
iver flow

s 28 m
i east- 

northeast to the Indiana-O
hio State line. 

T
he m

outh 
of the M

aum
ee R

iver is in northw
estern O

hio, at the 
southw

estern end of L
ake E

rie. In O
hio, the M

aum
ee 

R
iver flow

s 108 m
i to L

ake Erie; thus, the total 
length of the M

aum
ee R

iver is 136 m
i.

Previous Studies

B
efore 1960, several authors studied the hydro- 

geology of the M
aum

ee R
iver basin; how

ever, avail 
able data w

ere lim
ited. 

L
everett (1897) reported 

scattered observations on ground-w
ater availability 

in Indiana. 
H

arrell, w
ho w

rote the first com
pre

hensive report on the ground-w
ater resources in the 

M
aum

ee R
iver basin (1935), inventoried the ground- 

w
ater resources of the counties and determ

ined the 
"general principles of the occurrence of ground 
w

aters in Indiana" (1935, p. 1). 
Stallm

an and K
laer 

(1950) described ground-w
ater availability in N

oble 
C

ounty and presented lithologic logs of num
erous 

w
ells, as w

ell as a potentiom
etric-surface m

ap.

E
nactm

ent of law
s requiring drillers to report 

lithologic and hydrologic properties of w
ater w

ells 
drilled in Indiana after 1958 quickly created a new

 
data base. W

atkins and W
ard (1962) reported on the 

ground-w
ater resources of A

dam
s C

ounty and 
included ground-w

ater-quality inform
ation. 

H
erring 

(1969) described the ground-w
ater resources of the 

Indiana part of the M
aum

ee R
iver basin and identi 

fied principal aquifers, potential yields, and ground- 
w

ater quality. Pettijohn and D
avis (1973) prepared a 

hydrologic atlas of the w
ater resources of the 

M
aum

ee R
iver basin in Indiana; their report includes 

selected inform
ation on ground-w

ater quality and 
surface-w

ater quality, w
ater budget, surface-w

ater 
flow

 duration, surface-w
ater stage and discharge, and 

potentiom
etric surface. 

B
leuer and M

oore (1972) 
described and correlated glacial stratigraphy in the 
Fort W

ayne area. 
B

leuer and M
oore (1978) con 

tinued this w
ork by identifying and m

apping uncon- 
solidated stratigraphic units throughout A

lien 
C

ounty. 
The latter report describes the stratigraphic 

fram
ew

ork of glacial deposits, ground-w
ater avail 

ability, ground-w
ater quality, potential for deep-w

ell 
disposal, and other hydrologic factors relating to 
environm

ental issues in A
lien C

ounty. 
Planert 

(1980) m
odeled a 700-m

i 
area in northeastern 

Indiana. H
e studied several ground-w

ater sources 
and sim

ulated several ground-w
ater-w

ithdraw
al 

scenarios to evaluate ground-w
ater-level declines and 

stream
flow

 losses in northw
estern A

lien C
ounty.

P
hysiography

T
he M

aum
ee R

iver drainage basin includes 
three distinct physiographic units in Indiana (M

alott, 
1922, p. 66): the Steuben M

orainal L
ake A

rea, the
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Figure 30. Location of section lines and w
ells 

plotted in the M
aum
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M
aum

ee L
acustrine Plain, and the T

ipton T
ill Plain 

(fig. 2). 
Surface drift in the M

aum
ee R

iver basin 
w

as deposited betw
een 21,000 and 14,000 years ago 

(G
ooding, 1973, p. 24) during the latest W

iscon- 
sinan glaciation, although som

e alluvial deposits are 
post glacial.

T
he Steuben M

orainal L
ake A

rea (fig. 31) is 
an undulating region of m

oraines and kettle lakes, 
characterized by "knob and kettle" topography. 
"K

nob" refers to the m
orainal hills w

hose local 
relief ranges from

 100 to 200 ft. 
T

hese knobs are 
com

posed of till or ice-contact sand and gravel 
(Schneider, 1966, p. 53). 

K
ettle refers to the 

num
erous surface depressions in the drift, m

any of 
w

hich are w
ater filled. 

W
hen deposited, the 

m
oraines w

ere com
posed of till m

ixed w
ith sand, 

gravel and detached blocks of glacial ice. 
K

ettles 
are depressions form

ed as buried ice m
elted and 

overlying sedim
ents collapsed.

T
he m

orainal landform
s (fig. 31) in the 

Steuben M
orainal L

ake A
rea w

ere form
ed during 

L
ate W

isconsinan tim
e, by at least tw

o surges of the 
H

uron-E
rie L

obe and an interm
ediate surge of the 

Saginaw
 L

obe (fig. 8). 
Ice of the H

uron-E
rie L

obe 
deposited tills w

hen it advanced into northern and 
central Indiana betw

een 23,000 and 17,000 years 
ago (Shaver and others, 1970, p. 177). 

Follow
ing 

w
ithdraw

al of the H
uron-E

rie L
obe, ice of the 

Saginaw
 L

obe advanced into northeastern Indiana. 
A

 resurgence in the H
uron-E

rie L
obe then separated 

the Saginaw
 L

obe from
 its source. 

T
he resurgent 

H
uron-E

rie L
obe overran the older tills and depos 

ited a new
 till on top. D

eposition of this younger till 
w

as com
pleted about 13,000 to 14,000 years ago 

(W
ayne, 1963, p. 44). 

T
his surficial till com

m
only 

is less than 10 ft thick on northern parts of the Fort 
W

ayne, W
abash and Salam

onie M
oraines (A

.J. 
Flem

ing, Indiana G
eological Survey, w

ritten 
com

m
un., 1990).

T
he M

aum
ee L

acustrine Plain, w
hich covers 

m
ore than 120 m

i2 of Indiana (fig. 31) (M
alott, 

1922, p. 151), is an area once occupied by glacial 
L

ake M
aum

ee. 
In this nearly level plain, lake 

sedim
ents (lacustrine deposits) are incorporated

B
ase from

 U
.S. G

eological S
urvey 

S
tate B

ase M
ap, 1:500,000, 1974

E
X

P
LA

N
A

TIO
N

S
T

E
U

B
E

N
 M

O
R

A
IN

A
L
 

LA
K

E
 

A
R

E
A

M
A

U
M

E
E

 LA
C

U
S

T
R

IN
E

 
P

L
A

IN

T
IP

T
O

N
 T

ILL 
P

LA
IN

A
R

E
A

 O
F

 M
O

R
A

IN
A

L
 

T
O

P
O

G
R

A
P

H
Y

W
A

T
E

R
-M

A
N

A
G

E
M

E
N

T
-B

A
S

IN
 

B
O

U
N

D
A

R
Y

SC
ALE 1:1,000,000

0 
5 

10 
15 M

ILES 
i 

i 
i 

i
0 

5 
10 

15 
KILO

M
ETER

S

P
hysiographic units from

 
S

chneider, 1966, fig. 14. 
M

orainal areas from
 G

ray, 
1989

Figure 31
. P

hysiographic units and m
oraines in the M

aum
ee R

iver basin.

w
ithin the youngest W

isconsinan till deposits that 
cover the lake-bottom

 plain (A
.J. Flem

ing, Indiana 
G

eological Survey, oral com
rnun., 1990). 

T
opo 

graphic relief on the lake plain is low
 w

ith slopes 
com

m
only less than 5 ft/m

i. 
Surficial sand deposits 

at the perim
eter of the plain are L

ake M
aum

ee 
strand or beach deposits. T

he geom
orphology of the 

lake plain can also be interpreted as a glacially 
scoured low

land. 
T

he lake is possibly best charac 
terized as a subglacial, w

ater-filled basin that 
catastrophically drained its w

ater w
hen the ice of 

the H
uron-E

rie L
obe m

elted (A
.J. Flem

ing, Indiana 
G

eological Survey, oral com
m

un., 1990).

W
ater levels in glacial L

ake M
aum

ee reached a 
high-stage altitude of 800 ft above sea level (B

leuer 
and M

oore, 1978, p. 59) som
etim

e betw
een 14,000 

and 11,800 years ago. A
t this stage, glacial L

ake 
M

aum
ee drained over the W

abash M
oraine at Fort 

W
ayne, continued to the southw

est by w
ay of the 

Little W
abash R

iver (W
abash-E

rie channel) (fig. 7) 
and joined the W

abash R
iver at H

untington. O
utflow

 
from

 L
ake M

aum
ee scoured the Fort W

ayne outlet to 
an altitude of about 750 ft.

A
fter the glaciers retreated from

 the L
ake E

rie 
basin, w

ater levels in L
ake M

aum
ee declined. T

he

Fort W
ayne outlet w

as abandoned as other drainage 
outlets opened. The W

abash M
oraine becam

e the 
m

ajor divide betw
een drainage to the St. L

aw
rence 

R
iver and the M

ississippi R
iver (W

right and Frey,
1965. p. 90). Lake Erie, the low

-stage equivalent of 
ancient L

ake M
aum

ee, stabilized near its present pool 
altitude of approxim

ately 570 ft (D
epartm

ent of the 
A

rm
y, 1989) at least 11,800 years ago (W

right and 
Frey, 1965, p. 90).

A
fter L

ake Erie stabilized, the lake bed w
as 

exposed to erosion. In Indiana, the M
aum

ee R
iver has 

dow
ncut 25 to 40 ft into the glaciolacustrine sedim

ents 
(Pettijohn and D

avis, 1973, pi. 1) and, thus, has failed 
to develop a flood plain.

T
he T

ipton T
ill Plain (fig. 31) is a nearly level to 

gently rolling, poorly drained glacial plain (Schneider,
1966. p. 49-50). T

he till plain is underlain by H
uron- 

Erie L
obe tills and som

e stratified sedim
ents. R

esur 
gent periods during retreat of the last glacial ice pro 
duced the Fort W

ayne and W
abash M

oraines. R
elief 

across the m
oraines is generally less than 50 ft, 

although the relief is slightly greater in several areas. 
T

hese m
oraines range from

 2 to 6 m
i in w

idth.

Surficial till com
position is sim

ilar throughout 
the T

ipton T
ill Plain of the M

aum
ee R

iver basin. 
Surficial tills are characterized by high clay content 
(50-55 percent) and low

 sand content (15-20 percent) 
(G

ooding, 1973, p. 9). G
lacial stratigraphy in the 

T
ipton Till Plain is horizontally continuous and less 

com
plex than the stratigraphy of the Steuben M

orainal 
L

ake A
rea. Slopes are generally less than 1 ft per 

100ft.

Surface-W
ater H

ydrology

T
he M

aum
ee R

iver and its principal tributaries 
drain 6,608 m

i 
of northeastern Indiana, southern 

M
ichigan, and northw

estern O
hio. In Indiana, the 

M
aum

ee R
iver drains 1,283 m

i 
(O

hio D
epartm

ent of 
N

atural R
esources, 1985). T

he altitude of the M
aum

ee 
R

iver channel bottom
 at Fort W

ayne is 728 ft above 
sea level, w

hereas at the Indiana-O
hio State line it is 

about 700 ft (Sim
pson, 1988). T

he average gradient of 
the m

eandering channel is 1.0 ft/m
i in Indiana. T

his

52 
H
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low
 gradient continues dow

nstream
 87 m

i to W
aterville, 

O
hio, w

here the M
aum

ee R
iver altitude is 610 ft. The 

gradient of the M
aum

ee R
iver in Indiana and north 

w
estern O

hio is low
 because near-surface bedrock 

im
pedes dow

ncutting of the channel. B
etw

een W
ater 

ville, O
hio, and Lake Erie, the M

aum
ee R

iver channel 
bottom

 drops 38 ft in 21 m
i (a dow

nstream
 gradient of 

1.8 ft/m
i).

M
oraines divide the M

aum
ee R

iver basin into 
four subbasins that are drained by the M

aum
ee R

iver, 
the St. M

arys R
iver, the St. Joseph R

iver, and C
edar 

C
reek (fig. 30). The M

aum
ee R

iver drains a total of 
2,129 m

i 
at the stream

flow
-gaging station at A

ntw
erp, 

O
hio (7 m

i dow
nstream

 of the Indiana-O
hio State 

line). A
t A

ntw
erp, the m

edian discharge of the M
aum

ee 
R

iver (1939-85) is 631 ft3/s, and the average runoff is 
10.80 in/yr (D

. V
. A

rvin, U
.S. G

eological Survey, w
rit 

ten cornm
un., 1991). R

atrock C
reek drains 99.8 m

i2 of 
the M

aum
ee R

iver subbasin in Indiana before entering 
O

hio and joining the M
aum

ee R
iver dow

nstream
. 

Flatrock C
reek has little or no flow

 at tim
es during m

ost 
dry years.

T
he St. M

arys R
iver begins in O

hio and flow
s 

northw
est to Fort W

ayne, draining a total of 840 m
i2, of 

w
hich 401 m

i2 are in Indiana (H
oggatt, 1975, p. 56). 

The St. M
arys R

iver has a m
edian discharge of 134 ft /s 

(as m
easured at a stream

flow
-gaging station 10.8 m

i 
above the m

outh, 1930-85), and has an average runoff 
of 10.32 in/yr (A

rvin, 1989, p. 850).

The St. Joseph R
iver flow

s southw
est and drains 

the northern half of the M
aum

ee R
iver basin. C

edar 
C

reek is the m
ain tributary of the St. Joseph R

iver. 
(C

edar C
reek is 7 to 10 m

i northw
est of the St. Joseph 

R
iver.) C

edar C
reek flow

s parallel to the St. Joseph 
R

iver through D
ekalb C

ounty before turning southeast 
and joining the St. Joseph R

iver in A
lien C

ounty. The 
St. Joseph R

iver and C
edar C

reek drain a total of 
1,086 rni2, of w

hich 843 m
i2 are in Indiana (H

oggatt, 
1975, p. 56). A

t the stream
flow

-gaging station near Fort 
W

ayne, the m
edian discharge of the St. Joseph R

iver 
(1942-55, 1984-85) is 391 ft3/s (A

rvin, 1989, p. 843); 
the average runoff for this period of record is 12.09 in/yr.

Several stream
s draining the M

aum
ee R

iver basin 
w

ere tributary to adjacent basins during the last glacial

period. C
edar C

reek form
erly flow

ed into the E
el R

iver 
of the W

abash R
iver basin near H

untertow
n in A

lien 
C

ounty. A
s stream

 discharge decreased and glacial ice 
retreated from

 the area, flow
 over the W

abash M
oraine 

stopped and the M
aum

ee R
iver basin began draining to 

the St. L
aw

rence R
iver (B

leuer and M
oore, 1978, 

p. 63). N
one of the rivers in the M

aum
ee R

iver basin of 
Indiana flow

 on bedrock, although alluvium
 thickness is 

less than 20 ft in several areas.

G
eology

B
edrock D

eposits

In northeastern Indiana, the bedrock is com
posed 

of Paleozoic lim
estone, dolom

ite, and shale that overlie 
Precarnbrian granite, basalt, arkose and other rocks 
(Shaver and others, 1986, pi. 2). These bedrock units 
have been m

oderately deform
ed by several structural 

elem
ents (fig. 4).

The C
incinnati A

rch is a broad bedrock anticline 
along the Indiana-O

hio State line. T
he axis of the 

anticline trends north-northw
est from

 C
incinnati. In 

R
andolph C

ounty, about 30 m
i south of the M

aum
ee 

R
iver basin, the C

incinnati A
rch splits. N

orth of the 
split, the axis of the C

incinnati A
rch trends northw

est 
across Indiana. The axis of the other branch, the Findlay 
A

rch, trends northeast across O
hio to Lake Erie. The 

M
aum

ee R
iver channel parallels the axis of the Findlay 

A
rch. T

he entire M
aum

ee R
iver basin is located on the 

north-dipping flanks of the C
incinnati and Findlay 

A
rches.B

edrock in the M
aum

ee R
iver basin dips north 

into southern M
ichigan (M

ichigan B
asin) at 15 to 

22 ft/m
i (sections 4A

-4A
' to 4E

-4E
', fig. 34). A

s the 
sequence of Paleozoic bedrock dips northw

ard into the 
M

ichigan B
asin, the entire sequence thickens and 

increasingly younger rocks are at the bedrock surface 
(fig. 32).In the M

aum
ee R

iver basin, Precarnbrian rocks 
are buried under m

ore than 3,000 ft of lithified sedi 
m

ents. A
bout 1,000 ft of C

am
brian sedim

ents overlie 
the Precarnbrian basem

ent in the M
aum

ee R
iver 

basin. A
bout 2,000 ft of O

rdovician sedim
ents over 

lie the C
am

brian sedim
ents.
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A
lthough there are several potential aquifers in 

the C
am

brian and O
rdovician rocks, their potential as 

a source of potable w
ater is doubtful. 

W
ater in these 

deep aquifers is highly m
ineralized, m

aking the high 
transm

issivity of the rock m
ore desirable for w

aste 
disposal than for w

ithdraw
al of w

ater (B
leuer and 

M
oore, 1978, p. 48-49). 

T
he m

ost notable of these 
potential disposal aquifers is the C

am
brian-age 

M
t. Sim

on Sandstone. 
T

w
o potential disposal 

aquifers w
ithin the O

rdovician rocks include the 
K

nox D
olom

ite and the T
renton L

im
estone.

Subcrops of Paleozoic bedrock underlie the 
drift throughout the M

aum
ee R

iver basin. 
D

epth to 
bedrock in the M

aum
ee R

iver basin ranges from
 near 

zero in several areas to about 450 ft (fig. 33). 
T

he 
buried bedrock surface ranges in altitude from

 about 
500 ft above sea level at the base of a deep preglacial 
stream

 channel to about 900 ft above sea level near 
the Indiana-M

ichigan State line. 
R

ocks exposed at 
the bedrock surface range in age from

 450 m
illion to 

355 m
illion years (Palm

er, 1983).

T
he oldest rocks that directly underlie the drift 

in northeastern Indiana are U
pper O

rdovician inter- 
bedded shales and lim

estones (fig. 32). 
L

ess than 
50 ft of U

pper O
rdovician rock is exposed at the base 

of the preglacial St. M
arys B

end Segm
ent of the 

L
afayette B

edrock V
alley (fig. 7) (B

leuer, 1989, 
table 1). 

T
his is the only area in the M

aum
ee R

iver 
basin w

here O
rdovician rocks w

ere exposed by pre 
glacial erosion.

O
verlying the O

rdovician rocks throughout the 
M

aum
ee R

iver basin is a thick sequence of Paleozoic 
carbonate rocks. T

his sequence of carbonate rocks is 
com

posed of the Silurian Salina G
roup and the 

D
evonian M

uscatatuck G
roup (fig. 32). 

T
he car 

bonate rocks are com
posed of layered lim

estone, 
dolom

ite, and som
e thin shale beds. T

heir com
bined 

thickness attains 700 ft. 
T

he carbonate rocks are 
present as a subcrop below

 the drift south of the 
M

aum
ee R

iver. 
A

t the southern tip of the M
aum

ee 
R

iver basin, in the St. M
arys B

end Segm
ent of the 

L
afayette B

edrock V
alley, the entire carbonate rock 

sequence has been eroded. 
T

he carbonate rock 
sequence transm

its w
ater through fractures and

solution openings, and it is used as a source of 
ground w

ater. 
A

 paleokarst topography preserved 
beneath the drift indicates that these carbonate rocks 
w

ere drained by subterranean drainage. 
N

orth of the 
M

aum
ee R

iver, the entire carbonate rock sequence 
dips below

 younger shales.

In Indiana and O
hio, the preglacial L

afayette 
B

edrock V
alley (form

erly T
eays R

iver V
alley) 

drained a 35,000-m
i2 carbonate bedrock plain (L

.D
. 

A
rihood, U

.S. G
eological Survey, oral com

m
un., 

1989). 
In the M

aum
ee R

iver basin, broad upland 
areas betw

een deeply entrenched stream
s w

ere 
underlain by 400 ft or m

ore of carbonate rock. 
T

he 
entrenchm

ent of T
ertiary stream

s and the presence of 
buried karst topography indicate deep preglacial 
ground-w

ater levels in the carbonate rocks. 
L

ocally, 
preglacial ground-w

ater levels w
ere near the base of 

the carbonate rocks.

T
he youngest rocks found in the M

aum
ee 

R
iver basin are Paleozoic shales (fig. 32). 

T
he 

D
evonian A

ntrim
 Shale directly overlies the D

evo 
nian carbonate rocks. T

hree younger shale units 
overlie the A

ntrim
 Shale in the M

aum
ee R

iver basin: 
the E

llsw
orth Shale of D

evonian and M
ississippian 

age, and the Sunbury and C
oldw

ater Shales of 
M

ississippian age. 
N

orth of the M
aum

ee R
iver a 

subcrop of these shales is com
m

only overlain by 
m

ore than 200 ft of unconsolidated drift (fig. 33). 
A

lthough these shales have been eroded south of the 
M

aum
ee R

iver (fig. 32), they attain a thickness of 
about 850 ft at the Indiana-M

ichigan State line. 
In 

B
ranch C

ounty, M
ich., about 15 m

i north of the 
Indiana-M

ichigan State line, shale is exposed at the 
land surface. 

T
hese shales restrict the circulation of 

ground w
ater.

U
nconsolidated D

eposits

D
uring the Pleistocene E

poch, ice, thousands 
of feet thick, flow

ed repeatedly into Indiana. 
T

he 
E

rie L
obe advanced w

est-southw
est across northern 

O
hio follow

ing a carbonate-bedrock dip slope. 
T

he 
H

uron L
obe advanced south out of the L

ake H
uron 

basin. 
T

he tw
o lobes of glacial ice coalesced in 

northw
estern O

hio to form
 the H

uron-E
rie L

obe. T
he

H
uron-E

rie L
obe advanced up onto the Findlay and 

C
incinnati A

rches. 
Som

e deposits from
 previous 

periods of glaciation w
ere rem

oved by further 
advances.

A
s the H

uron-E
rie L

obe m
oved into north 

eastern Indiana, it w
as forced to change direction by 

another lobe of glacial ice (fig. 8). 
T

he other lobe, 
know

n as the Saginaw
 L

obe, advanced into north- 
central Indiana from

 the Saginaw
 B

ay area of M
ichi 

gan. 
T

he Saginaw
 L

obe and the H
uron-E

rie L
obe 

abutted each other along the northw
est boundary of 

the M
aum

ee R
iver basin in Indiana. 

T
his blockage 

forced the H
uron-E

rie L
obe to advance southw

ard 
across eastern Indiana. 

T
he area w

here the tw
o lobes 

of glacial ice abutted each other is underlain by thick 
drift. 

T
his thick drift deposit is herein called the 

"m
oraine com

plex." 
T

he m
oraine com

plex has the 
surface characteristics of end m

oraines.

T
he St. M

arys R
iver flow

s near the bedrock 
surface along m

uch of its course through Indiana; 
how

ever, bedrock is 90 ft below
 the stream

bed 3.5 m
i 

upstream
 from

 the confluence w
ith the St. Joseph 

R
iver (section 4

B
^
B

', fig. 34). D
rift thickness south 

of the M
aum

ee R
iver (fig. 33) is generally from

 50 to 
100 ft, except w

here as m
uch as 300 ft of glacial 

deposits fill preglacial valleys. 
A

ll areas w
here drift 

thickness is less than 50 ft are south of the M
aum

ee 
R

iver. 
In som

e areas south of the M
aum

ee R
iver 

(sections 4A
-4A

' to 4E
-4E

', fig. 34), a rubble layer 
com

posed of silt, fine sand, and broken dolom
ite 

overlies the bedrock. 
W

here present, this rubble 
layer is generally less than 5 ft thick.

T
ills are exposed at land surface over m

ost of 
the M

aum
ee R

iver basin in Indiana. N
early all of the 

till is from
 the L

agro Form
ation of W

isconsinan age 
(G

ray, 1989). 
T

he L
agro Form

ation w
as deposited 

by the H
uron-E

rie L
obe m

ore than 13,000 years ago 
(W

ayne, 1963, p. 44). 
A

long the northw
estern 

boundary of the M
aum

ee R
iver basin, surface de 

posits are a m
ix of H

uron-E
rie L

obe and Saginaw
 

L
obe associations, especially near H

untertow
n in 

N
oble C

ounty (A
J. Flem

ing, Indiana G
eological 

Survey, w
ritten com

m
un., 1990).

G
lacial drift south of the M

aum
ee R

iver con 
tains at least tw

o identifiable till units, the L
agro and 

the T
rafalgar Form

ations (B
leuer and M

oore, 1978, 
p. 11). T

he upper unit, the L
agro Form

ation w
as 

deposited over lake sedim
ents during the last glacial 

advance into the area. T
he L

agro Form
ation contains 

10 to 20 percent sand and 40 to 50 percent clay. 
T

he 
base of the L

agro Form
ation is characteristically rich 

in clay because of the incorporation of the lake 
sedim

ents.

T
he low

er till unit, know
n as the T

rafalgar 
Form

ation, is also of L
ate W

isconsinan age. 
T

he 
T

rafalgar Form
ation contains 35 to 45 percent sand, 

and 15 to 20 percent clay (B
leuer and M

oore, 1978, 
p. 11). 

T
ypically the T

rafalgar Form
ation is ex 

trem
ely hard. 

D
ense, silty sand and gravel is locally 

present betw
een these till units. 

In m
ost areas, this 

sand and gravel is too silty to be used as an aquifer; 
locally how

ever, it form
s sm

all channels of coarse, 
shaly gravel that are tapped by dom

estic w
ells. 

W
here coarse, this intertill sand and gravel unit is 

com
posed of 50 to 90 percent shale clasts. 

(A
J. 

Flem
ing, Indiana G

eological Survey, w
ritten 

com
m

un., 1990).

N
orth of the M

aum
ee R

iver, intertill sand and 
gravel deposits are abundant throughout the drift. 
T

hese sand and gravel deposits w
ere concentrated 

into layers by m
eltw

ater that transported the silt and 
clay aw

ay. 
Som

e intertill deposits form
 laterally 

continuous horizons, w
hereas others are discon 

tinuous. 
L

ayered intertill deposits w
ere form

ed by 
repeated advances and retreats of glacial ice during 
the Pleistocene. 

T
hese horizontally continuous sand 

and gravel deposits are disrupted in m
any areas. 

C
ollapse of sedim

ents into voids left by buried ice, 
and lateral m

ovem
ent of sedim

ents resulting from
 

postdepositional ice advances, have produced 
com

plex deposits.

Surficial sand and gravel deposits are un 
com

m
on in the M

aum
ee R

iver basin of Indiana. 
T

hey can be found as valley-train deposits along the 
St. Joseph and St. M

arys R
ivers, C

edar C
reek, and 

the Fort W
ayne outlet of ancient L

ake M
aum

ee. 
A
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Figure 33. Thickness of unconsolidated 
deposits in the M

aum
ee R

iver basin.

R
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T
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.

Thickness of unconsolidated 
deposits from

 G
ray, 1983

large buried outw
ash-fan deposit (section 4C

-4C
', 

fig. 34) is partially exhum
ed by C

edar C
reek.

Few
 post-W

isconsinan deposits are found in 
the M

aum
ee R

iver basin. 
Som

e m
inor alluvial 

deposits, prim
arily com

posed of rew
orked out- 

w
ash, are found in association w

ith the W
iscon- 

sinan outw
ash deposits. 

B
ecause the M

aum
ee 

R
iver form

ed after glaciation ended, none of the 
alluvial deposits along the M

aum
ee R

iver are 
rew

orked outw
ash. 

M
inor deposits of m

uck, peat 
and m

arl, all of H
olocene age, also are present in 

the basin.

A
quifer Types

Five hydrogeologic sections (sections 
4
A

-4
A

' to 4E
-4E

', fig. 34) w
ere produced for this 

atlas to depict aquifer types in the M
aum

ee R
iver 

basin. 
T

he hydrogeologic sections are oriented 
south-north, approxim

ately perpendicular to the 
M

aum
ee R

iver, and are spaced 6 m
i apart (fig. 30). 

T
he section lines produced from

 logs of 305 w
ater- 

supply and test w
ells have a total length of 244 m

i. 
T

he average density of logged w
ells plotted along 

the sections is 1.3 w
ells per m

ile, (approxim
ately 

one w
ell every 4,000 ft).

T
he m

ap show
ing the extent of aquifers in 

the M
aum

ee R
iver basin (fig. 35) w

as constructed 
by use of the hydrogeologic sections. 

A
dditional 

inform
ation for the aquifer m

ap w
as from

 the 
Q

uaternary geologic m
ap of Indiana (G

ray, 1989) 
and other publications referenced in this chapter.

T
he aquifer m

ap show
s the five aquifer types 

that are com
m

only used for w
ater supply in the 

M
aum

ee R
iver basin. 

O
f these aquifer types, four 

are restricted to the unconsolidated deposits. 
T

hese include surficial sand and gravel aquifers, 
buried sand and gravel aquifers, discontinuous 
sand and gravel aquifers in isolated deposits, and 
sand and gravel in buried bedrock valleys. 

T
he 

only bedrock aquifer type used in this basin is 
carbonate bedrock of Silurian and D

evonian age. 
C

haracteristics of the five aquifer types m
apped in 

the M
aum

ee R
iver basin are sum

m
arized in table 6.

U
nconsolidated A

quifers

S
urficial S

and and G
ravel A

quifers

Surficial sand and gravel aquifers have been 
deposited by present-day stream

s (alluvial) and by 
glacial m

eltw
ater (outw

ash). A
lluvial deposits 

adjacent to the St. M
arys and St. Joseph R

ivers, 
and C

edar C
reek (fig. 35) are generally thin and 

are not significant sources of ground w
ater. M

ost 
present-day stream

s follow
 form

er glacial drain 
age channels and have reconfigured the glacial 
deposits. 

B
ecause it does not follow

 a glacial 
drainage channel, the M

aum
ee R

iver has few
 allu 

vial deposits associated w
ith it.

T
he bulk of the surficial sand and gravel 

aquifers in the M
aum

ee R
iver basin are com

posed 
of outw

ash. 
M

ost of the m
ajor stream

s draining 
the basin have outw

ash deposits adjacent to their 
channel (fig. 35). 

T
he outw

ash deposits in the 
basin are com

m
only 1/2 to 1 m

i w
ide and as m

uch 
as 40 ft thick (section 4B

-4B
' and 4C

-4C
', 

fig. 34). 
T

he Fort W
ayne outlet to the W

abash- 
E

rie C
hannel in southw

estern Fort W
ayne (fig. 7) 

and the C
edar C

reek outlet to the E
el R

iver near 
H

untertow
n have little or no outw

ash along their 
channels. 

T
hese form

er outlet channels are 
located on divides, and stream

s no longer occupy 
them

. 
A

lthough the Fort W
ayne outlet is up to 

3 m
i w

ide, only m
inor outw

ash deposits are pres 
ent (section 4

B
^
B

', fig 34).

O
ne additional type of surficial sand deposit 

in the M
aum

ee R
iver basin is beach sand. 

E
ast of 

Fort W
ayne, deposits of beach sand follow

 the 
form

er shoreline of ancient L
ake M

aum
ee. 

T
hese 

sand deposits are at an altitude of about 760 to 
775 ft, w

hich corresponds to the altitude of the 
Fort W

ayne outlet (sections 4D
-4D

' and 4
E

^
E

', 
fig. 34). 

B
each ridge deposits are not on the aqui 

fer m
ap, because they generally are not productive 

aquifers in the M
aum

ee R
iver basin. 

M
ost uncon 

solidated sand and gravel aquifers w
ere buried 

under clay-loam
 till during glacial disintegration.
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B
uried S

and and G
ravel A

quifers

B
uried sand and gravel aquifers (sections 

4A
-4A

' to 4E
-4E

', fig. 34) are laterally continuous 
deposits that w

ere form
erly coalescing outw

ash fans, 
outw

ash plains, kam
e terraces and other ice-contact 

stratified deposits. B
ecause these aquifers w

ere not 
deposited uniform

ly, aquifer characteristics such as 
thickness, texture, and distribution are highly vari 
able. Post depositional slum

ping of super saturated 
deposits, ice collapse, and erosion have caused addi 
tional disruption of these aquifer m

aterials. T
he aqui 

fer m
ap (fig. 35) indicates areas w

here one or m
ore of 

these buried aquifers is present.

A
lthough m

ost buried sand and gravel aquifers 
are not exposed by stream

 erosion, buried sand and 
gravel aquifers are exposed by Little C

edar C
reek in

T. 33 N
. and by ditching on the north side of the 

abandoned Fort W
ayne outlet in T. 30 N

. (section 
4

B
^B

', fig. 34); by C
edar C

reek in T. 32 N
. and the 

St. Joseph R
iver in T. 31 N

. (section 4C
-4C

', fig 34); 
by W

est B
ranch and a tributary to Fish C

reek in 
T. 37 N

. and by the M
aurnee R

iver in T. 31 N
. (section 

4E
-4E

', fig. 34). From
 the northeastern corner of 

Indiana south along section 4E
-4E

' (fig. 34) to the 
M

aum
ee R

iver, the potentiom
etric surface of the 

buried sand and gravel aquifer slopes south at 
7.8 ft/m

i. T
his closely approxim

ates the slope of the 
land surface.

N
early all ground-w

ater production north of the 
M

aum
ee R

iver is from
 buried sand and gravel aquifers 

(fig. 34). A
lthough highly variable, the average thick 

ness of buried aquifers in A
lien C

ounty is 25 ft (B
leuer 

and M
oore, 1978, p. 46). T

he m
edian w

ell yield from

large diam
eter w

ells (10 in. or larger) that are finished 
in buried sand and gravel deposits in A

lien C
ounty is 

250 gal/rnin; w
ell yields in this area range from

 20 to 
500 gal/rnin (B

leuer and M
oore, 1978, p. 46). W

ater 
in buried sand and gravel aquifers is of suitable quality 
for drinking.

C
lark (1980, p. 211) indicates tw

o areas north of 
the St. Joseph R

iver in D
ekalb C

ounty w
here m

ore 
than 1,000 gal/rnin of ground w

ater is available from
 

buried sand and gravel aquifers. E
qually large yields 

are probably available throughout this part of the 
basin, as large yields have been found w

herever 
ground-w

ater exploration has been done. T
he highest 

yield noted from
 a w

ell plotted on the M
aum

ee R
iver 

basin hydrogeologic sections is a w
ell in T. 34 N

., 
R

. 14 E. (section 4E
-4E

', fig. 34). T
his w

ell is 24 in.

in diam
eter and is 180 ft deep, and it w

as test pum
ped 

at 2,250 gal/rnin.

A
n extensive sand and gravel aquifer, a buried 

outw
ash fan of Saginaw

 L
obe association (A

. J. 
Flem

ing, Indiana G
eological Survey, oral com

m
un., 

1991), underlies a 110-rni2 area in northw
estern A

lien 
C

ounty and southw
est D

ekalb C
ounty. C

entered on 
H

untertow
n, this buried outw

ash fan slopes southeast 
into the M

aum
ee R

iver basin from
 the crest of a buried 

m
oraine. Portions of this buried fan are m

apped in 
Tps. 32 and 33 N

. (sections 4A
-4A

', 4B
-4B

', and 
4C

-4C
', fig. 34). Planert (1980, p. 52) found that 30 to 

39 M
gal/d could be developed from

 the unconsoli- 
dated sand and gravel aquifers in northw

estern A
lien 

C
ounty; how

ever, he also found that these ground- 
w

ater w
ithdraw

als w
ould decrease strearnflow

 in the 
St. Joseph R

iver at Fort W
ayne by 32 to 38 ft3/s.
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D
iscontinuous Sand and G

ravel A
quifers

D
iscontinuous sand and gravel aquifers are sim

i 
lar to buried sand and gravel aquifers, except that they 
occur interm

ittently at one horizon or random
ly dis 

persed throughout the drift. Som
e discontinuous buried 

sand and gravel w
as deposited in m

eandering channels. 
In the M

aum
ee R

iver basin, alm
ost all discontinuous 

sand and gravel aquifers are south of the M
aum

ee R
iver. 

D
rift in this area thins to less than 100 ft.

D
iscontinuous sand and gravel aquifers are rarely 

used for ground-w
ater supply because of the abundance 

of fine sand, silt, and clay in the discontinuous aquifer 
and the availability of reliable ground-w

ater supplies in 
the bedrock. D

rillers com
m

only identify the discon

tinuous sand and gravel aquifer as "dirty gravel" in w
ell 

logs. Y
ield from

 the discontinuous area south of the 
M

aum
ee R

iver is generally less than 20 gal/m
in. Few

 
logs of w

ells drilled in this area report yields from
 the 

discontinuous aquifer, because drillers com
m

only finish 
the w

ells in the bedrock aquifer.

Sand and G
ravel A

quifer in B
uried B

edrock Valleys

A
 deep, preglacial bedrock valley underlies the 

drift in the southern tip of the M
aum

ee R
iver basin. This 

buried valley is know
n as the St. M

arys B
end Segm

ent 
of the M

arion V
alley Section of the Lafayette B

edrock 
V

alley System
 (fig. 7) (B

leuer, 1989, p. 5), and w
as 

form
erly know

n as the Teays V
alley. B

efore burial, the

M
arion V

alley Section had lim
estone cliffs that w

ere 
300 ft high. D

uring the Pleistocene glacial period, this 
valley system

 filled w
ith glacial and lake sedim

ents. 
M

ost valley fill deposits in the basin are clay, although 
several sand and gravel zones are present. Som

e of the 
gravels are quite coarse (B

leuer and others, 1991, p. 86). 
H

igh yields from
 these deposits are due to the coarseness 

of the aquifer, depth of burial, and the correspondingly 
large draw

dow
ns available.

B
leuer (1991, fig. 6D

, p. 63) indicates that there 
are three aquifer horizons in this part of the St. M

arys 
B

end Segm
ent. The upper aquifer is heavily used; the 

m
iddle aquifer is fine grained sand and does not produce 

large volum
es of w

ater; the low
est aquifer is a coarse

sand and gravel, w
hich has the potential for the largest 

ground-w
ater production.

The city of D
ecatur, A

darns C
ounty, con 

structed its w
ell field in the St. M

arys B
end Segm

ent of 
the Lafayette B

edrock V
alley. This w

ell field is near 
B

erne, 12 nii south of D
ecatur, near the divide betw

een 
the M

aum
ee R

iver basin and the U
pper W

abash R
iver 

basin. The w
ell field pum

ps w
ater from

 the upper 
aquifer. This aquifer is a 40-foot-thick, coarse-grained, 
cobbly sand and gravel deposit confined under 110 ft of 
clay. W

ell yields from
 this w

ell field range from
 1,000 

to 1,400 gal/m
in w

ith approxim
ately 40 ft of draw

 
dow

n (B
leuer and others, 1991, p 86).
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B
edrock A

quifersC
arbonate B

edrock A
quifer

T
he carbonate bedrock aquifer underlies the 

entire M
aum

ee R
iver basin (sections 4A

-4A
' to 

4E
-4E

', fig. 34), w
ith the exception of the sm

all area 
underlain by the L

afayette B
edrock V

alley (section 
4E

-4E
', fig. 34) w

here carbonate rock has been 
eroded. In northern A

lien, D
ekalb, N

oble and Steuben 
C

ounties, the bedrock dip and drift thickness restrict 
the use of the carbonate bedrock aquifer (fig. 35). T

he 
Silurian-D

evonian carbonate bedrock aquifer is used 
predom

inately south of the M
aum

ee R
iver. T

he

carbonate bedrock aquifer is below
 the w

ater table 
throughout the M

aum
ee R

iver basin and is confined 
except w

here stone quarries dew
ater it for m

ining.

The m
edian yield from

 large-diam
eter w

ells 
com

pleted in the carbonate bedrock aquifer in A
lien 

C
ounty is 175 gal/m

in; w
ell yields range from

 35 to 
500 gal/m

in (B
leuer and M

oore, 1978, p. 46). South 
of the M

aum
ee R

iver, the thickness of the drift 
overlying the carbonate bedrock aquifer averages 
about 100 ft, and m

ost w
ells are com

pleted in the 
bedrock. South of the M

aum
ee R

iver, the potentio- 
m

etric slope in the carbonate bedrock aquifer slopes 
north at 3.7 ft/m

i. 
The slope of the potentiom

etric 
surface closely approxim

ates the land surface.

K
arst developm

ent in this carbonate bedrock 
w

as extensive at the beginning of the Q
uaternary 

period. This secondary enhancem
ent of bedrock 

perm
eability is responsible for the large w

ell yields 
available from

 the carbonate bedrock aquifer. Planert 
(1980, p. 15) found the perm

eability of the carbonate 
bedrock aquifer in A

lien C
ounty is greatest near the 

preglacial erosion surface and decreases w
ith depth. 

The full carbonate bedrock aquifer sequence is about 
700 ft thick. 

The sm
allest yields from

 the carbonate 
bedrock aquifer are found in the shallow

 bedrock 
areas south of the M

aum
ee R

iver and north of the St. 
M

arys R
iver. 

N
ortheast of M

onroeville, in T. 30 N
., 

R
. 15 E., the m

axim
um

 potential ground-w
ater yield 

from
 the bedrock is 50 gal/m

in (C
lark, 1980, p. 211).

The M
aurnee R

iver is the low
est surface-w

ater 
outlet draining the north-dipping part of the carbonate 
bedrock aquifer sequence in Indiana. Som

e of the 
ground-w

ater flow
 in the carbonate bedrock aquifer 

sequence enters the M
aum

ee R
iver basin along the 

southw
est boundary of the M

aum
ee R

iver basin. 
G

reem
an (1991) found that both the W

hite R
iver 

basin, and the W
abash R

iver basin (fig. 1) contribute 
w

ater to the ground-w
ater flow

 in the carbonate 
bedrock aquifer.

The decision to com
plete a w

ell in the carbonate 
bedrock aquifer can be based on absence of an ade 
quate unconsolidated aquifer, problem

s associated 
w

ith having to set a w
ell screen in an unconsolidated 

aquifer, or w
ater-quality considerations. 

T
he quality

of w
ater differs betw

een the bedrock and unconsoli 
dated aquifers. 

Locally, the carbonate rocks contain 
abundant gypsum

 (C
aSO

4), w
hich is the m

ajor source 
of sulfate. Sulfate is a com

m
on ground w

ater con 
stituent that can occur at undesirable high concentra 
tions. 

B
leuer and M

oore (1978, p. 43) report that, in 
A

lien C
ounty, w

ater from
 the carbonate bedrock 

aquifer has significantly higher concentrations of 
dissolved strontium

 and sodium
 and significantly 

low
er concentrations of dissolved bicarbonate, iron, 

and zinc than w
ater from

 unconsolidated aquifers. 
N

one of these constituents present a health hazard in 
the concentrations reported.

O
rdovician rocks form

 a confining unit under 
lying the Silurian-D

evonian carbonate bedrock aquifer 
throughout the M

aum
ee R

iver basin. Sim
ilarly, till 

functions as a confining unit overlying the Silurian- 
D

evonian carbonate bedrock aquifer. 
B

ecause of 
these confining units, ground-w

ater flow
 in the 

carbonate bedrock aquifer is isolated; long flow
 paths 

and a slow
 transm

ission rate cause ground w
ater to 

rem
ain in the carbonate bedrock aquifer for years. 

D
uring the long transit, ground w

ater can becom
e 

heavily m
ineralized. W

ithin the M
aum

ee R
iver basin, 

heavily m
ineralized w

ater from
 the carbonate bedrock 

has been found south of the M
aum

ee R
iver. H

ow
ever, 

w
ater in the Silurian-D

evonian carbonate bedrock 
aquifer is substantially less m

ineralized than w
ater in 

the m
ore deeply buried C

am
brian and O

rdovician 
bedrock aquifers.

S
um

m
ary

The M
aum

ee R
iver basin encom

passes 
1,283 m

i2 of northeastern Indiana and includes large 
parts of A

dam
s, A

lien, and D
ekalb C

ounties and parts 
of N

oble and Steuben C
ounties. T

he physiography of 
the area can be divided into three m

ajor regions: 
the 

Steuben M
orainal L

ake A
rea, the L

ake M
aum

ee 
L

acustrine Plain, and the T
ipton Till Plain. Topog 

raphy ranges from
 nearly level in the M

aum
ee L

acus 
trine Plain to hilly (m

ore than 200 ft of relief) in the 
Steuben M

orainal L
ake A

rea.

M
oraines divide the M

aum
ee R

iver basin into 
four subbasins that are drained by the M

aum
ee R

iver,

the St. M
arys R

iver, the St. Joseph R
iver, and C

edar 
C

reek. T
he St. M

arys R
iver and the St. Joseph R

iver 
converge at Fort W

ayne to form
 the M

aum
ee R

iver. 
Surface-w

ater drainage in the M
aum

ee R
iver basin is 

part of the St. L
aw

rence R
iver system

.

B
edrock underlying the glacial drift ranges 

from
 Late O

rdovician to E
arly M

ississippian in age. 
Silurian and D

evonian carbonate bedrock, less than 
300 ft deep, underlies the southern half of the basin. 
T

he Silurian-D
evonian carbonate sequence ranges 

from
 0 to 700 ft in thickness. 

The carbonate bedrock 
sequence is absent at the base of the St. M

arys B
end 

segm
ent of the preglacial L

afayette B
edrock V

alley. 
Y

ounger shales overlie the carbonate bedrock 
sequence in the northern half of the basin. A

ll surface 
sedim

ents are glacial or fluvial in origin. G
lacial drift 

covers m
ost of the bedrock, and depths range from

 0 
to about 450 ft. A

ll areas w
here drift thickness is less 

than 50 ft are south of the M
aum

ee R
iver.

Five aquifer types are com
m

only used for w
ater 

supply in the M
aum

ee R
iver basin. Surficial sand and 

gravel aquifers are found along m
ost of the m

ajor 
stream

s in the basin. 
B

oth buried and discontinuous 
sand and gravel aquifers are present in the M

aum
ee 

R
iver basin. B

uried aquifers are used north of the 
M

aum
ee R

iver w
hereas discontinuous aquifers m

ay 
be used south of the M

aum
ee R

iver. A
dequate 

dom
estic supplies are available from

 both types of 
aquifers, although large yields are available only from

 
buried aquifers. L

arge yields are available from
 sand 

and gravel aquifers in the St. M
arys B

end Segm
ent of 

the L
afayette B

edrock V
alley in the southern tip of the 

M
aum

ee R
iver basin. 

The carbonate bedrock aquifer 
underlies the southern half of the basin, and is a 
productive source of ground w

ater.

G
round w

ater is readily available throughout 
the basin. L

arge yields of ground w
ater are available 

from
 the unconsolidated aquifers in northern A

lien 
C

ounty and southern D
ekalb C

ounty. Y
ields of 

200 gal/m
in or m

ore are available from
 unconsoli 

dated aquifers north of the M
aum

ee R
iver. Y

ields of 
35 gal/m

in or m
ore are available from

 the carbonate 
bedrock aquifer south of the M

aum
ee R

iver.

M
aum

ee R
iver B

asin 
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P
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A
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A
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H
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IV
E

R
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A
S

IN

B
y T

heodore K
. G

reem
an

G
eneral D

escription

For m
anagem

ent purposes, the Indiana 
D

epartm
ent of N

atural R
esources has divided the 

W
abash R

iver basin into three subbasins: 
an upper 

basin, a m
iddle basin, and a low

er basin. 
T

he U
pper 

W
abash R

iver basin extends from
 the Indiana-O

hio 
State line dow

nstream
 to include W

ildcat C
reek 

(fig. 36) near Lafayette, T
ippecanoe C

ounty (fig. 1). 
T

his area is approxim
ately 110 m

i east-w
est by 70 m

i 
north-south.

>-\

T
he U

pper W
abash R

iver basin is 6,918 m
r 

and includes all or m
ost of B

lackford, C
arroll, C

ass, 
C

linton, Fulton, G
rant, H

ow
ard, H

untington, Jay, 
M

iam
i, Pulaski, W

abash, W
hite, W

hitley, and W
ells 

C
ounties, and parts of 13 other counties. Principal 

cities in the basin include B
luffton, C

olum
bia C

ity, 
Frankfort, H

artford C
ity, H

untington, K
okom

o, 
L

ogansport, M
arion, M

onticello, N
orth M

anchester, 
Peru, Portland, R

ochester, W
abash, and W

arsaw
 

(fig. 36).

Previous Studies

N
um

erous reports have been w
ritten on the 

hydrogeology of areas w
ithin the U

pper W
abash R

iver 
basin. O

ne of the first w
as by C

apps (1910), w
ho 

described ground-w
ater sources and artesian-w

ell areas 
in the central part of this basin. H

arrell (1935), in his 
com

prehensive hydrologic report on Indiana, described 
the general features, geology, drainage, ground-w

ater 
resources and sources of w

ater for each county in 
Indiana. A

lthough som
e inform

ation in H
arrell's report 

is dated, the report is useful as a historical docum
en 

tation of early w
ater use.

In the 1950's and early 1960's, the Indiana D
e 

partm
ent of C

onservation, D
ivision of W

ater R
esources 

(now
 called D

epartm
ent of N

atural R
esources, D

ivision 
of W

ater) published a partial series of county ground- 
w

ater-resource reports. N
ine of these reports, discussed 

below
, describe areas w

ithin the U
pper W

abash R
iver 

basin. O
f the counties described in these reports, only 

Fulton C
ounty is w

holly w
ithin the U

pper W
abash 

R
iver basin.

Stallm
an and K

laer (1950) described ground- 
w

ater availability in N
oble C

ounty. Lithologic logs of 
num

erous w
ells are included, as w

ell as a potentio- 
m

etric-surface m
ap. R

osenshein and C
osner (1956) and 

R
osenshein (1958) reported on the ground-w

ater 
resources of Tippecanoe C

ounty. The 1956 report pre 
sents w

ell-log data and w
ater-level m

easurem
ents, 

w
hereas the 1958 report describes the glacial and bed 

rock geology, bedrock topography, hydrologic cycle, 
ground-w

ater quality and ground-w
ater use. R

osen- 
shein's 1958 report also includes a potentiom

etric- 
surface m

ap and nine geologic-sections; it identifies 
five confined aquifers near Lafayette. W

atkins and 
W

ard (1962) reported on the ground-w
ater resources of 

A
dam

s C
ounty. T

heir report includes ground-w
ater- 

quality inform
ation and lithologic logs of num

erous 
w

ells.Four m
ore county reports w

ere published in 
1964. These reports, authored by R

osenshein and H
unn 

(1964a, 1964b, 1964c, 1964d), address the four 
adjoining counties of M

arshall, Fulton, Starke, and 
Pulaski. A

ll four reports describe the general geology, 
general sources of ground w

ater, and general w
ater-

quality inform
ation. Tables include lithologic logs of 

num
erous w

ells and data on ground-w
ater quality. The 

last in this group of nine county reports describing parts 
of the U

pper W
abash R

iver basin is H
oggatt and others 

(1968). T
his report disscusses the quantity, distribution, 

and quality of the w
ater resources in D

elaw
are C

ounty.

W
atkins and R

osenshein (1963) w
ere the first to 

report the hydrologic properties of the bedrock in the 
U

pper W
abash R

iver basin. They described the trans- 
m

issivity, storage and recharge rates for the Silurian 
bedrock near B

unker H
ill, M

iam
i C

ounty. A
lthough 

the values are site specific, they w
ere derived from

 
aquifer tests and are representative of the Silurian 
bedrock.In 1971, the W

abash R
iver C

oordinating C
om

 
m

ittee released an eight-volum
e "plan for the conser 

vation, m
anagem

ent, developm
ent and proper preser 

vation of the w
ater and related land resources of the 

W
abash R

iver B
asin" (appendix B

, p. ii). These reports 
describe the sam

e m
anagem

ent basins as are described 
in this report. The section about ground w

ater by 
N

ym
an and Pettijohn (1971) contains a sum

m
ary of 

nondom
estic w

ell data for the U
pper W

abash R
iver 

basin, specific-capacity and w
ell-yield data for uncon- 

solidated aquifer sources, and estim
ates of potential 

yields to large-diam
eter w

ells from
 different aquifer 

types.T
w

o H
ydrologic Investigations A

tlases pub 
lished by the U

.S. G
eological Survey present infor 

m
ation on the U

pper W
abash R

iver basin. The first 
report (Tate and others, 1973) contains inform

ation on 
the w

ater resources in the eastern half of the basin. M
ap 

data on ground-w
ater quality, surface-w

ater quality, 
hydrologic balance, surface-w

ater flow
 duration, 

surface-w
ater stage and discharge, unconsolidated- 

aquifer transm
issivity, and the potentiom

etric surface 
are presented. The study area includes all of the 
W

abash R
iver drainage basin upstream

 from
 Logans 

port, east to the Indiana-O
hio State line (fig. 36).

The second H
ydrologic Investigations A

tlas 
(M

arie and D
avis, 1974) pertains to the w

estern half of 
the U

pper W
abash R

iver basin. This m
ap report pre 

sents m
uch of the sam

e type of inform
ation presented in 

the earlier report by Tate and others, but at a different

m
ap scale. The report by M

arie and D
avis pertains to 

the W
abash R

iver basin dow
nstream

 from
 Logansport 

to Lafayette, slightly beyond the w
estern basin 

boundary used for this report (fig. 36).

B
leuer and M

oore (1972) w
ere the first to 

describe and correlate glacial stratigraphy in the A
lien 

C
ounty area. B

leuer and M
oore (1978) subsequently 

described the glacial geology, ground-w
ater avail 

ability, ground-w
ater quality, and the potential for deep- 

w
ell w

aste disposal in A
lien C

ounty. These tw
o reports 

represent a continued effort to identify and m
ap the 

stratigraphic units w
ithin the unconsolidated drift.

A
 recent trend in ground-w

ater investigations is 
tow

ard m
odel studies. Planert (1980), in his report on 

the hydrogeology of parts of A
lien, N

oble, and W
hitley 

C
ounties w

ithin the U
pper W

abash R
iver basin, 

m
odeled several ground-w

ater sources and sim
ulated 

ground-w
ater w

ithdraw
al to evaluate stream

flow
 losses 

and ground-w
ater-level declines. G

illies (1981) 
exam

ined the ground-w
ater resource potential near 

Logansport, C
ass C

ounty. M
aps of the geology, a 

buried-valley aquifer, and the potentiom
etric surface are 

presented. A
 com

puter m
odel w

as used to sim
ulate the 

effects of pum
ping on ground-w

ater levels and stream
- 

flow
 at tw

o locations. Sm
ith and others (1985) reported 

on the W
ildcat C

reek and D
eer C

reek drainage basins in 
H

ow
ard C

ounty and parts of adjacent counties. This 
report describes stream

flow
, hydrologic characteristics 

of aquifers and confining beds, aquifer-stream
 inter 

action, and ground-w
ater and surface-w

ater quality. 
T

he report also presents m
odel sim

ulations that indicate 
the effects of pum

ping on ground-w
ater levels and 

stream
flow

.

B
leuer (1989) reported on the buried Lafayette 

B
edrock V

alley System
 (form

erly the T
eays-M

ahom
et 

V
alley System

) that converges on Lafayette, Indiana. 
B

leuer (1991) interpreted the sequence of valley- 
segm

ent form
ation and the sedim

entary facies and 
stratigraphy of the valley fill in the buried-valley sys 
tem

. B
leuer and others (1991) described the availability 

of ground-w
ater resources from

 various segm
ents of the 

Lafayette B
edrock V

alley System
 w

ithin the U
pper 

W
abash R

iver basin. They also described the geology 
of several aquifers and confining beds.

U
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Physiography

The U
pper W

abash R
iver basin lies w

ithin tw
o 

distinct physiographic areas (Schneider, 1966, p. 41): 
the N

orthern M
oraine and L

ake R
egion, located north 

of the E
el R

iver, and the T
ipton T

ill Plain, located 
predom

inately south of the Eel R
iver. E

xcept for 
occasional bedrock exposures and recent stream

 
deposits, m

ost physiographic features in the U
pper 

W
abash R

iver basin w
ere form

ed by glaciers during 
Pleistocene tim

e.

The N
orthern M

oraine and L
ake R

egion in the 
U

pper W
abash R

iver basin is characterized by 
m

oraines, outw
ash, and lake (lacustrine) plains. 

D
epositional environm

ents allow
 this northern area to 

be subdivided into tw
o units: the Steuben M

orainal 
L

ake A
rea on the east and the K

ankakee O
utw

ash and 
L

acustrine Plain on the w
est (fig. 37).

T
he Steuben M

orainal Lake A
rea is charac 

terized by interlobate m
oraine topography. "Inter- 

lobate m
oraine" is a term

 coined by T.C
. C

ham
berlin 

(1883) to describe the assem
blage of m

oraines 
betw

een tw
o lobes of glacial ice. T

he m
oraine topog 

raphy of the Steuben M
orainal Lake A

rea is charac 
terized by hum

m
ocky terrain and num

erous kettle 
lakes that lack surficial drainage.

G
lacial stratigraphy is very com

plex w
ithin the 

interlobate m
orainal deposits because slum

ping and 
ice thrusting obscured m

uch of the original structure. 
Slum

ping occurred w
hen entrapped ice m

elted and 
created surface depressions. Som

e depressions are 
filled w

ith w
ater, w

hereas others are drained. 
H

ills 
com

posed of large blocks of rew
orked till, as w

ell as 
ice-contact stratified sand and gravel (kam

es), are 
com

m
on. L

ocal relief com
m

only ranges from
 100 to 

150 ft (Schneider, 1966, p. 52). M
eltw

ater channels, 
outw

ash plains, and sand dunes also are com
m

on.

T
he K

ankakee O
utw

ash and L
acustrine Plain is 

characteristically flat and poorly drained. Sand, 
deposited as outw

ash by glacial m
eltw

aters, lies at or 
near the surface throughout m

uch of the area. M
ost 

deposits of sand are in valley trains, outw
ash plains, 

and lake-sand deposits associated w
ith the T

ippecanoe
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Figure 37. P
hysiographic units and m

oraines in the U
pper W

abash R
iver basin.

,  B
»

 
f

P
hysiographic units from

 
\
l 

S
chneider, 1966, fig. 14. 

M
orainal areas from

 G
ray, 

1989

R
iver. Prevailing w

esterly w
inds have rearranged the 

sand into dunes in W
hite and Pulaski C

ounties.

South of the E
el R

iver is the T
ipton T

ill Plain. 
T

he till plain surface is nearly flat to gently undulating, 
poorly drained, and featureless. Surface relief is 
generally less than 10 ft per 1,000 ft. T

he till plain 
is underlain by ground m

oraine and ablation tills. 
R

esurgent periods during the retreat of the last glacial 
ice produced large concentric recessional m

oraine 
ridges (fig. 37). R

elief across the m
oraines is low

, 
generally less than 50 ft, although relief is slightly 
greater in several areas. T

he recessional m
oraines are 

1 to 6 m
i w

ide. Stratigraphy in the till plain area tends

to be m
ore horizontally continuous and less com

plex 
than in m

orainal deposits, except w
here thin till covers 

m
orainal deposits.

The W
abash M

oraine (fig. 37), w
hich form

s the 
northeastern boundary of the U

pper W
abash R

iver 
basin, also form

s the m
ajor divide betw

een drainage to 
the St. L

aw
rence R

iver and the M
ississippi R

iver. 
L

ake M
aum

ee, the high stage glacial-ancestor of L
ake 

Erie, once overflow
ed the W

abash M
oraine into the 

W
abash R

iver basin. Shifting of the divide cam
e about 

w
hen the glacial ice retreated from

 the L
ake Erie 

B
asin, initiating drainage to the St. L

aw
rence R

iver. 
L

ake M
aum

ee stopped draining across the W
abash

M
oraine about 12,000 years ago (Fullerton, 1980, 

pi. 1).

Surface-W
ater H

ydrology

The W
abash R

iver drains 32,910 m
i2 of Indiana, 

Illinois, and O
hio. O

f the 23,921 m
i2 drained by the 

W
abash R

iver w
ithin Indiana, 11,710 m

i2 are included 
in the three W

abash R
iver m

anagem
ent subbasins. 

Tributaries that are covered separately in this report 
drain the other 12,211 m

i2. The upper part of the 
W

abash R
iver drains a total of 7,203 m

r2 of w
hich 6,918 

are in the U
pper W

abash R
iver m

anagem
ent basin and 

285 are in O
hio (H

oggatt, 1975, p. 2,148, and 202).
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T
he W

abash R
iver begins in M

ercer C
ounty, 

O
hio. 

From
 M

ercer C
ounty, the W

abash R
iver 

flow
s into Jay C

ounty, Ind. (fig. 36). 
U

pstream
 

from
 the Indiana-O

hio State line, the W
abash R

iver
r
\

drains 251 m
i . 

D
ow

nstream
 from

 the State line, 
another 34 m

i2 of O
hio drainage eventually reaches 

the W
abash R

iver by w
ay of L

im
berlost C

reek and 
the M

ississinew
a R

iver (fig. 36).

T
his eastern part of the W

abash R
iver basin is 

shaped like a shallow
 bow

l as a result of continental 
glaciation. 

T
he glacially scoured landscape slopes 

northw
ard from

 southern R
andolph C

ounty to the 
M

aum
ee R

iver (sections 4E
-4E

', fig. 34 and 5J-5J', 
fig. 40). 

M
oraines function as drainage-collection 

barriers on the slopes of the bow
l. 

T
he m

oraines 
prevent tributaries draining the slope from

 reaching 
the center of the bow

l. 
In the eastern part of the 

basin, the M
ississinew

a, Salam
onie and W

abash 
R

ivers drain these collection barriers, w
hereas the 

L
oblolly-L

im
berlost (A

dam
s and Jay C

ounties), 
E

ightm
ile, and R

ock C
reeks (W

ells C
ounty), plus 

m
any other sm

all creeks, drain the slope. 
T

he 
stream

s follow
 the southern edge of the m

oraines in 
the southeast part of the basin, as show

n in figure 
37. 

L
oblolly C

reek is partially located in a surface 
trough that overlies the deeply buried L

afayette 
B

edrock V
alley.

U
pstream

 from
 the Indiana-O

hio State line, 
the W

abash R
iver flow

s along the southern edge of 
the St. Johns M

oraine (O
hio nam

e for Salam
onie 

M
oraine of Indiana). A

t F
ort R

ecovery, O
hio, 1 m

ile 
east of the State line, the W

abash R
iver has cut 

across the St. Johns m
oraine and relocated against 

the W
abash M

oraine. 
A

t the State line, the W
abash 

R
iver is at an elevation of 835 ft above sea level.

D
ow

nstream
 from

 B
luffton, the W

abash R
iver 

diverges from
 the W

abash M
oraine and continues 

flow
ing northw

est tow
ard the L

ittle R
iver (W

abash- 
E

rie C
hannel). 

T
he W

abash R
iver flow

s on or near 
bedrock in this part of the basin. 

H
untington R

eser 
voir, a flood control structure, regulates flow

 in the 
W

abash R
iver upstream

 from
 the confluence of the 

L
ittle R

iver. 
T

he elevation of the W
abash R

iver is

700 ft above sea level just dow
nstream

 from
 

H
untington R

eservoir.

A
t H

untington, the W
abash R

iver changes 
orientation, flow

ing w
est-southw

est, and follow
s the 

L
ittle R

iver. 
T

he L
ittle R

iver (W
abash-E

rie C
han 

nel) w
as the principal outflow

 channel for glacial 
L

ake M
aum

ee. 
B

edrock is exposed in the dow
n 

stream
 end of the L

ittle R
iver channel. 

D
ow

nstream
 

from
 H

untington, the W
abash R

iver flow
s on bed 

rock. 
T

erraces flanking the m
ain channel are 

com
posed of stream

-deposited sand and gravel.

D
ow

nstream
 from

 H
untington, the Salam

onie 
R

iver (fig. 36) is the next m
ajor tributary. 

T
he 

Salam
onie R

iver joins the W
abash R

iver from
 the 

south bank at L
agro. 

A
 flood-control reservoir w

as 
constructed on the Salam

onie R
iver just upstream

 of 
the m

outh. 
D

ow
nstream

 from
 L

agro to R
ichvalley 

(fig 36), the W
abash R

iver flow
s on bedrock, com

 
m

only w
ithout terraces. 

V
alley w

idth in this stretch 
is slightly narrow

er than upstream
 from

 L
agro. T

his 
constriction m

ay be because of the M
ississinew

a 
M

oraine, through w
hich the W

abash R
iver cuts. 

A
t 

R
ichvalley, the W

abash R
iver valley w

idens as it 
crosses the preglacial L

afayette B
edrock V

alley.

Just dow
nstream

 from
 R

ichvalley, the bottom
 

of the W
abash R

iver channel is at 635 ft above sea 
level, w

hereas the base of the L
afayette B

edrock 
V

alley is at about 460 ft. 
A

t this location (section 
5E

-5E
', fig. 40), the buried drainage channel crosses 

under the W
abash R

iver.

T
he M

ississinew
a R

iver is the next principal 
tributary to the W

abash R
iver, entering from

 the 
south bank (fig. 36). 

T
he city of P

eru is 2 m
i dow

n 
stream

 from
 the m

outh of the M
ississinew

a R
iver. 

F
rom

 Peru to G
eorgetow

n, the W
abash R

iver flow
s 

w
est. 

D
ow

nstream
 from

 Peru, the bedrock surface 
rises, and the W

abash R
iver again flow

s on rock 
w

ith unconsolidated terraces. Pipe C
reek is the next 

m
ajor tributary to join the W

abash R
iver, also from

 
the south bank.

A
t L

ogansport, the E
el R

iver joins the 
W

abash R
iver. 

T
he E

el R
iver, w

hich also began as

a high-stage overflow
 drain for L

ake M
aum

ee, flow
s 

on unconsolidated m
aterials along its entire course. 

T
he E

el R
iver is the first m

ajor tributary entering the 
W

abash R
iver from

 the north bank dow
nstream

 of 
H

untington (fig. 36).

T
he W

abash R
iver continues to flow

 on bed 
rock dow

nstream
 from

 the m
outh of the E

el R
iver. 

A
t L

ogansport, terraces along the north side of the 
W

abash R
iver are com

posed of unconsolidated 
m

aterial. 
B

edrock terraces, capped by as m
uch as 

60 ft of unconsolidated drift, form
 the south valley 

w
all. A

t G
eorgetow

n (fig. 36), the orientation of the 
W

abash R
iver changes again. 

D
ow

nstream
 of 

G
eorgetow

n, the W
abash R

iver is oriented south 
w

est.

T
he W

abash R
iver flow

s on bedrock through 
m

ost of C
ass C

ounty and part of C
arroll C

ounty. 
Just dow

nstream
 from

 G
eorgetow

n, the W
abash 

R
iver flow

s on unconsolidated deposits for several 
m

iles. 
A

t D
elphi, the W

abash R
iver exposes the top 

of a bioherm
al reef deposit, and the river tem

po 
rarily flow

s on bedrock. N
um

erous bedrock expo 
sures along the W

abash R
iver are klintars, the 

exhum
ed tops of bioherm

al reef m
asses. 

K
lintars 

form
 bedrock knobs that protrude above the 

surrounding land surface. 
In northeastern T

ippe- 
canoe C

ounty, the W
abash R

iver flow
s near the 

bedrock surface w
ith alluvial sand deposits in the 

channel.

In the area w
here C

rooked C
reek enters the 

W
abash R

iver, the slope of the W
abash R

iver chan 
nel decreases from

 greater than 2.5 ft/m
i to less than 

1.5 ft/m
i. 

T
his change in slope is because of the 

large volum
es of sedim

ent carried into the W
abash 

R
iver by the E

el and T
ippecanoe R

ivers. 
T

he E
el 

and T
ippecanoe R

ivers are the principal tributaries 
draining areas north of the W

abash R
iver. 

O
utw

ash- 
fan deposits adjacent to the T

ippecanoe R
iver 

(T
ippecanoe Fan) have contributed large volum

es of 
sedim

ent to the W
abash R

iver. 
T

his sedim
ent 

loading begins choking the W
abash R

iver channel 
m

ore than 15 m
i upstream

 of the T
ippecanoe R

iver.

T
he largest tributary to enter the W

abash 
R

iver in the U
pper W

abash R
iver basin is the T

ippe 
canoe R

iver (fig. 36). 
A

lthough the T
ippecanoe 

R
iver has no bedrock exposures in its channel, 

several tributaries, including L
ittle M

onon and B
ig 

M
onon C

reeks, flow
 on bedrock. T

w
o reservoirs on 

the T
ippecanoe R

iver are located several m
iles 

upstream
 from

 the m
outh. 

T
hese reservoirs are for 

hydroelectric pow
er and are not flood-control struc 

tures.

C
ontinuing dow

nstream
, W

ildcat C
reek is the 

last tributary to enter the W
abash R

iver in the U
pper 

W
abash R

iver basin. 
W

ildcat C
reek (fig. 36) enters 

the W
abash R

iver from
 the southeast bank. 

F
rom

 
the T

ippecanoe R
iver dow

nstream
 to W

ildcat C
reek, 

the W
abash R

iver flow
s directly over the B

attle 
G

round L
ow

land S
ection of the L

afayette B
edrock 

V
alley (fig. 7), and the bedrock surface lies about 

100 ft below
 the W

abash R
iver in this area.

G
eology

B
edrock deposits

B
edrock in the U

pper W
abash R

iver basin is 
com

posed of Paleozoic lim
estones, dolom

ites, sand 
stones and shales. 

B
edrock structure is dom

inated 
by the C

incinnati A
rch (fig. 4), w

hich plunges north 
w

est across this basin. 
A

long the axis of the C
in 

cinnati A
rch the rocks plunge from

 4 to 13 ft/m
i 

(0.04 to 0.14 degree) as indicated by a m
apped 

O
rdovician m

arker bed (H
asenm

ueller and B
assett, 

1980c). 
T

he plunge of the axis is steepest in the 
northw

estern part of the U
pper W

abash R
iver basin.

From
 the axis, bedrock dips both northeast 

into the M
ichigan B

asin and southw
est into the 

Illinois B
asin (fig. 4). 

T
he dip of the bedrock aw

ay 
from

 the axis is slightly steeper than the plunge of 
the axis. 

B
edrock along the northeast-dipping flank 

has a m
axim

um
 dip of 20 ft/m

i (0.22 degree) in 
K

osciusko C
ounty, as indicated by a m

apped O
rdo 

vician m
arker bed (H

asenm
ueller and B

assett, 
1980c).
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M
ost of the U

pper W
abash R

iver basin is on the 
northeast-dipping flank of the C

incinnati A
rch. T

he 
W

abash R
iver rises on the northeast flank of the arch 

and follow
s the plunge axis of the arch from

 the head 
w

aters to L
ogansport. 

A
t L

ogansport, a structural bed 
rock sag in the crest of the arch, know

n as the L
ogan 

sport Sag, allow
s the W

abash R
iver to cross the axis of 

the C
incinnati A

rch and drain tow
ard the Illinois B

asin 
(%

 4).B
edrock dips southw

est in the part of the U
pper 

W
abash R

iver basin that includes B
enton, C

arroll, 
C

linton, T
ippecanoe, and W

hite C
ounties. T

he south 
w

est-dipping flank of the C
incinnati A

rch has a m
axi 

m
um

 dip of 17 ft/m
i (0.18 degree) in southeast T

ippe 
canoe C

ounty, as indicated by a m
apped O

rdovician 
m

arker bed (H
asenm

ueller and B
assett, 1980c). 

D
uring part of the Paleozoic E

ra, the arch supported 
coral reef com

m
unities that are now

 deposits of car 
bonate rock. T

hroughout m
ost of the Paleozoic E

ra, 
this anticline separated open seas to the northeast and 
southw

est.

A
lthough Paleozoic bedrock crops out at 

num
erous locations in the U

pper W
abash R

iver basin, 
it is covered by drift in m

ost places. 
M

ost bedrock 
exposures are near the W

abash R
iver or its southern 

tributaries. T
he elevation of the buried bedrock surface 

ranges from
 just below

 400 ft above sea level (B
runs 

and others, 1985a), at the base of a deep preglacial 
valley in T

ippecanoe county, to about 1,050 ft above 
sea level (section 5J-5J', fig. 40) in R

andolph C
ounty 

near the Indiana-O
hio State line.

T
he age of bedrock exposed by preglacial ero 

sion ranges from
 315 to 440 m

illion years (Palm
er, 

1983). O
lder Paleozoic rocks are present in the basin, 

but they w
ere not exposed to post-Paleozoic erosion. A

 
thick sequence of C

am
brian sandstones, siltstones, 

shales, lim
estones, and dolom

ites overlies Precam
brian 

igneous and m
etam

orphic basem
ent rocks. 

In the 
U

pper W
abash R

iver basin, the C
am

brian rocks range 
from

 2,000 to 3,500 ft in thickness. T
he C

am
brian 

rocks are overlain by younger O
rdovician sandstones, 

shales, and carbonate rocks. O
rdovician rocks in the 

U
pper W

abash R
iver basin area are 1,000 to 1,400 ft 

thick.

T
he oldest rock to subcrop the drift in north 

eastern Indiana is the M
aquoketa G

roup, an inter- 
bedded shale and lim

estone of O
rdovician age. 

T
he 

subcrop of U
pper O

rdovician shales and lim
estones is 

present at the base of the L
afayette B

edrock V
alley in 

the eastern one-third of the U
pper W

abash R
iver basin 

(fig. 38). T
he G

eneva Segm
ent of the L

afayette 
B

edrock V
alley (fig. 7) is entrenched about 200 ft into 

the O
rdovician rocks (section 51-51', fig. 40).

O
verlying the thinly bedded U

pper O
rdovician 

shale and lim
estone is a thick sequence of carbonate 

rocks, com
posed of lim

estones and dolom
ites. 

T
he 

carbonate rocks w
ere deposited by m

arine organism
s 

that lived in the seas during the Silurian and D
evonian 

Periods. 
Silurian form

ations of the carbonate rock 
sequence are the B

rassfield L
im

estone, C
ataract 

Form
ation, Salam

onie D
olom

ite, Pleasant M
ills 

Form
ation, and the W

abash Form
ation. O

verlying the 
Silurian form

ations is the D
evonian M

uscatatuck 
G

roup (fig. 38). T
hick platform

-reef deposits and 
associated debris are included w

ithin this carbonate 
rock sequence along the crest and flanks of the 
C

incinnati A
rch.

T
he lithology of the Silurian-D

evonian 
carbonate rock sequence is variable. 

C
layey carbonate 

rocks are m
ore com

m
on than pure carbonate deposits. 

D
olom

ite has replaced lim
estone in som

e areas, and 
interbedded chert deposits are com

m
on in others. 

B
edded gypsum

 and anhydrite are found in the 
D

evonian part of the carbonate rock sequence. 
T

he 
color of carbonate bedrock ranges from

 w
hite to brow

n, 
and the texture ranges from

 m
icrite (a fine-grained 

crystalline precipitate) to bioclastic (a fossiliferous reef- 
fram

ew
ork detritus). B

edding ranges from
 thin to 

m
assive. B

edrock is nearly horizontal throughout m
ost 

of this basin; how
ever, steeply dipping beds (up to 

45 degree dip) are observed locally in reef-flank 
deposits. D

epositional environm
ents ranged from

 
deep-w

ater m
arine to shallow

-w
ater m

arine and 
isolated tidal pools w

here evaporite deposits accum
u 

lated. D
isconform

ities are present w
ithin Silurian 

deposits and at the Silurian-D
evonian contact. T

hese 
unconform

ities are nondepositional and erosional.

T
he Silurian and D

evonian carbonate rock 
sequence attains a m

axim
um

 thickness of 700 ft in 
northeastern W

hitley C
ounty. Postdepositional erosion 

has thinned the carbonate rock sequence significantly 
in m

ost of the basin. B
ecause carbonate rocks are 

relatively resistant to w
eathering, they form

 the 
bedrock surface across the top of the C

incinnati A
rch. 

C
arbonate rocks are at the bedrock surface in about 

75 percent of the U
pper W

abash R
iver basin (fig. 38). 

Som
e carbonate rocks are at the bedrock surface in 

every county w
ithin the U

pper W
abash R

iver basin.

A
fter the deposition of carbonate rocks, a m

ajor 
change in sea level occurred. D

uring the D
evonian 

Period, sea level dropped relative to the arch, and the 
connection betw

een the M
ichigan and Illinois B

asins 
w

as interrupted. T
he Illinois and M

ichigan B
asins both 

contain younger D
evonian rocks, w

hich display facies 
changes indicating shallow

ing seas and exposed land 
areas (D

roste and Shaver, 1983, p. 24). 
T

he presence 
of sand indicates sandy coastal facies nearest to the arch 
edges. K

erogen-rich black shales w
ere deposited in 

these anoxic basins. 
T

hese carbonaceous shales are 
know

n as the N
ew

 A
lbany Shale south of the C

in 
cinnati A

rch and as the E
llsw

orth and A
ntrim

 Shales 
north of the arch.

T
he N

ew
 A

lbany Shale and equivalent shales 
w

ere deposited during a 15 m
illion year period 

(Palm
er, 1983) extending from

 the D
evonian Period 

into the early M
ississippian Period. A

lthough these 
fine-grained oil shales are as thick as 150 ft in the basin, 
the entire shale thickness rem

ains in only a few
 subcrop 

locations in the U
pper W

abash R
iver basin. T

hese 
form

ations have been thinned by erosion except w
here 

they are overlain by younger rocks.

O
verlying the N

ew
 A

lbany Shale is a thin lim
e 

stone, know
n as the R

ockford L
im

estone. W
here 

present, the R
ockford L

im
estone is less than 22 ft thick 

(Shaver and others, 1986, p. 124). In this basin, the top 
and bottom

 contacts of the R
ockford L

im
estone are 

conform
able and sharp. B

oth overlain and underlain by 
shales, this thin lim

estone is an excellent L
ow

er M
issis 

sippian m
arker bed. T

his lim
estone has a uniform

 
lithologic texture over a large area of Indiana and 
Illinois.

W
here present, the R

ockford L
im

estone is 
overlain by silts and shales of the B

orden G
roup. T

he 
B

orden G
roup shales are the youngest M

ississippian 
subcrops in the U

pper W
abash R

iver basin. W
hen 

deposited, the B
orden G

roup probably w
as m

ore than 
500 ft thick in this area. N

ow
, because of postdeposi- 

tional erosion, the B
orden G

roup is generally less than 
50 ft thick in B

enton, C
linton, T

ippecanoe, and W
hite 

C
ounties. In the U

pper W
abash R

iver basin, the
/^

B
orden G

roup subcrop area covers less than 100 m
i 

and is buried under 15 ft or m
ore of drift. In this basin, 

the N
ew

 Providence Shale appears to be the only 
form

ation w
ithin the B

orden G
roup that has not been 

eroded. T
he N

ew
 Providence Shale is prim

arily a blue- 
gray shale. In this basin, drift unconform

ably overlies 
the B

orden G
roup; the contact is characterized by 

m
oderate relief.

T
he youngest rocks in the U

pper W
abash R

iver 
basin w

ere deposited during the early Pennsylvanian 
Period. In B

enton and W
hite C

ounties, a shaley sand 
stone of the R

accoon C
reek G

roup (Shaver and others, 
1986, p. 120 and 121) form

s rem
nant caps overlying 

older rocks. T
he rocks are m

edium
- to coarse-grained 

sandstones in alluvial-channel deposits containing 
carbonaceous shale lenses (S

J. K
eller, Indiana G

eo 
logical Survey, oral com

m
un., 1990). 

T
hese isolated 

subcrops of Pennsylvanian rock are generally less than 
30 ft thick.

T
he Pennsylvanian rocks in the U

pper W
abash 

R
iver basin unconform

ably overlie M
ississippian and 

D
evonian rocks. 

A
fter the deposition of the M

issis 
sippian rocks, a m

ajor erosional event rem
oved m

ost 
M

ississippian rocks from
 this basin. 

A
t the northern 

end of hydrogeologic section 5A
-5A

' (fig. 40), m
ore 

than 1,300 ft of U
pper M

ississippian and L
ow

er Penn 
sylvanian stratigraphic section is m

issing (G
ray, 1979, 

p. K
12). H

ydrogeologic section 5A
-5A

' (fig. 40) 
indicates erosion of the N

ew
 A

lbany Shale in the 
W

olcott area prior to the deposition of the R
accoon 

C
reek G

roup. T
he hiatus (period of m

issing record) 
betw

een these rocks represents m
ore than 35 m

illion 
years. T

here are no younger Pennsylvanian bedrock 
units in this basin, although younger Paleozoic 
deposits have been found in Indiana and elsew

here.

U
pper W

abash R
iver B

asin 
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U
nconsolidated deposits

G
lacial ice invaded Indiana several tim

es 
during the Pleistocene E

poch (1 m
illion to 10,000 

years ago). M
oving from

 several spreading centers 
in C

anada, glaciers follow
ed physiographic low

 
lands and m

ajor valleys to reach Indiana (fig. 8). 
The H

uron-E
rie L

obe m
oved into northeastern 

Indiana from
 the L

ake E
rie and Lake H

uron basins 
several tim

es. The H
uron-E

rie L
obe follow

ed a 
bedrock low

land developed on D
evonian and 

M
ississippian shales. 

Synchronously, glacial ice 
m

oved south out of the L
ake M

ichigan basin several 
tim

es. T
he Lake M

ichigan L
obe also follow

ed a 
physiographic low

land developed on the sam
e 

D
evonian and M

ississippian shale bedrock.

A
 third lobe of ice, the Saginaw

 Lobe, filled 
the area betw

een the other tw
o lobes. T

his lobe 
m

oved through the Saginaw
 B

ay area of M
ichigan. 

G
laciers com

peted for space in the U
pper W

abash 
R

iver basin several tim
es. 

The Saginaw
 L

obe 
m

oved southw
ard until its path w

as blocked by the 
L

ake M
ichigan L

obe on the w
est and the H

uron- 
E

rie Lobe on the south and east. 
W

ith its w
estw

ard 
path blocked, the H

uron-E
rie L

obe advanced south 
w

ard onto the carbonate bedrock platform
 in central 

and eastern Indiana.

G
laciers have follow

ed these glacial flow
 

paths into Indiana several tim
es. 

M
ore is know

n 
about the m

ost recent glacial advance, the W
iscon 

sinan glacial stage, than about earlier advances. 
T

his is prim
arily because of the presence of the 

W
isconsinan drift at the land surface. M

any drift 
deposits from

 earlier glacial periods have been 
scoured and incorporated into younger sedim

ents. 
O

thers are buried under younger deposits.

D
uring each advance, thick glacial ice cov 

ered the land. 
G

lacial ice in the U
pper W

abash 
R

iver basin is estim
ated to have been several 

thousand feet thick (H
arrison, 1958, p. 84). In 

addition to trem
endous volum

es of w
ater, glaciers 

also transported huge volum
es of sedim

ent into 
Indiana. 

G
lacially transported sedim

ent choked 
drainages and aggraded channels.

W
hen the first pre-Illinoian glacial lobe 

reached Indiana from
 the north and northeast and 

spread out onto the carbonate bedrock platform
, it 

encroached upon a m
ajor valley system

 know
n as 

the L
afayette B

edrock V
alley (fig. 7). 

This pre- 
glacial channel w

as entrenched m
ore than 350 ft 

into the nearly horizontal Paleozoic sedim
ents. 

Sedim
ent from

 the advancing glacier blocked this 
valley in at least tw

o places. 
In eastern Indiana, a 

gray loam
 till and other sedim

ents filled the valley 
from

 "rock rim
 to rock rim

," w
hereas a claystone- 

bearing red till partially filled the valley from
 east- 

central to w
est-central Indiana (B

leuer, 1989, p. 6). 
The red till has been dated at greater than 730,000 
years old (B

leuer, 1989, p. 7) and is am
ong the 

oldest tills in the valley. 
C

urrently, the entire 
L

afayette B
edrock V

alley is filled w
ith glacial 

sedim
ents.

W
ithin a physiographic area, the surficial 

unconsolidated deposits generally have the sam
e 

depositional history. 
B

ecause of this regional sim
i 

larity, the unconsolidated geology w
ill be discussed 

by physiographic regions (fig. 37). E
xceptions to 

this general rule are com
m

on, how
ever, especially 

in areas underlain by the L
afayette B

edrock V
alley.

T
he first physiographic area, the Steuben 

M
orainal L

ake A
rea (fig. 37), is located north of the 

E
el R

iver and east of L
ogansport, and it includes the 

T
ippecanoe R

iver basin upstream
 of M

onterey. 
D

uring the L
ate W

isconsinan, the H
uron-E

rie L
obe 

of glacial ice m
oved w

est-southw
est into Indiana 

from
 the Lake Erie basin as the Saginaw

 Lobe 
m

oved south-southw
est into Indiana from

 the 
Saginaw

 B
ay area. W

hen the tw
o lobes m

et, they 
blocked each other and stagnated. A

fter stagnation, 
the Saginaw

 L
obe w

as partially overrun by the 
H

uron-E
rie Lobe.

A
 thick deposit of glacial drift, herein called 

the "m
oraine com

plex," w
as built up by repeated 

glacial advances of the tw
o lobes. T

he m
oraine 

com
plex is com

posed of unsorted clay, silt, sand, 
gravel, and boulders in irregular deposits; drift is 
m

ore than 250 ft thick in this area (fig. 39). 
The 

m
oraine com

plex includes areas depicted as

Packerton M
oraine and M

ississinew
a M

oraine in 
figure 37 and in hydrogeologic sections 5C

-5C
' to 

5H
-5H

' (fig. 40).

A
s the Saginaw

 and H
uron-E

rie L
obes 

com
peted for space, they form

ed very com
plicated 

geologic deposits. A
ny original depositional struc 

ture w
ithin the drift of the m

oraine com
plex w

as 
obliterated by glacial thrusting. W

ithin the m
oraine 

com
plex, blocks of till w

ere shoved together by 
glacial ice. 

Sand and gravel w
ere carried into 

available spaces betw
een till blocks by m

eltw
ater. 

N
um

erous kettle lakes are present in this area; the 
depressions for these lakes resulted from

 the burial 
of glacial ice.

T
he second physiographic area exhibiting 

distinct unconsolidated deposits corresponds w
ith 

the K
ankakee O

utw
ash and L

acustrine Plain 
(fig. 37). T

his area is northw
est of the Packerton 

M
oraine and north of the W

abash R
iver. The 

T
ippecanoe R

iver currently drains this area, but this 
w

as not alw
ays the case.

D
uring the retreat of the Saginaw

 L
obe, m

elt- 
w

ater drained from
 Indiana by w

ay of the K
ankakee 

R
iver drainage basin. 

This m
eltw

ater carried large 
volum

es of sedim
ent, w

hich choked the stream
s 

draining the area. Surficial sand deposits, som
e 

m
ore than 50 ft thick, w

ere laid dow
n. A

s the ice 
term

inus shifted and m
eltw

ater volum
e varied, 

how
ever, the stream

s draining this area changed 
routes several tim

es.

Stream
 piracy has been active in the devel 

opm
ent of the T

ippecanoe R
iver and Y

ellow
 R

iver 
drainage basins. 

(The Y
ellow

 R
iver is not in the 

U
pper W

abash R
iver basin; it is a tributary of the 

K
ankakee R

iver.) Several glacial sluicew
ays con 

nected the Y
ellow

 R
iver w

ith the T
ippecanoe R

iver 
basin. A

t O
ra, on the Pulaski C

ounty-Starke C
ounty 

line (fig. 36), the basin divide betw
een the T

ippe 
canoe R

iver and Y
ellow

 R
iver is only 15 ft above 

the norm
al flow

 elevation of the T
ippecanoe R

iver. 
T

opographic relief and potentiom
etric relief are 

very low
 in this part of the basin.
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T
he third physiographic area of sim

ilar 
unconsolidated geology is south of the E

el R
iver 

and east of Peru. 
T

his is the northeastern part of the 
T

ipton T
ill Plain, w

hich is covered w
ith clay-loam

 
till. T

hese till deposits have been radiocarbon dated 
as m

ore than 14,000 years old (W
ayne, 1963, p. 44). 

In the U
pper W

abash R
iver basin, nearly all surface 

sedim
ents south of the E

el R
iver are of glacial origin 

and are considered to be part of the L
agro Form

ation 
of L

ate W
isconsinan age (G

ray, 1989). T
he M

is- 
sissinew

a, Salam
onie, and W

abash M
oraines form

 
arc-shaped ridges across this area (fig. 37).

South of the E
el R

iver, till covers the broad 
Silurian carbonate bedrock platform

. In the area 
betw

een the E
el R

iver and the W
abash-L

ittle R
iver 

C
hannel, drift thickness is greater than 150 ft 

(fig. 39). L
agro till com

position ranges from
 35 to 

55 percent clay, 35 to 50 percent silt, and 10 to 
30 percent sand by w

eight (G
ooding, 1973, p. 8). 

C
lay content in this till sheet is inversely proportional 

to sand content, w
ith the com

bined w
eight of clay 

and sand equaling about 65 percent of the total 
w

eight.T
he area south of H

untington and east of Peru 
w

as scraped clear of m
ost pre-W

isconsinan drift, and 
the L

agro drift sheet is com
m

only less than 50 ft 
thick (fig. 39). E

xceptions to the thin drift are areas 
underlain by the L

afayette B
edrock V

alley (fig. 7). 
D

rift greater than 400 ft thick is com
m

on w
ithin the 

buried preglacial valley (fig. 39). A
 basal sand and 

gravel overlies m
uch of the bedrock south of the 

W
abash R

iver (sections 5H
-5H

' to 5J-5J', fig. 40). 
T

his basal deposit is generally less than 10 ft thick 
and hydrologically connects the carbonate bedrock 
and the drift.

In the area of thin drift, erosion has rem
oved 

the thin drift from
 the valleys of the large stream

s. 
T

he W
abash, M

ississinew
a and Salam

onie R
ivers 

flow
 on, or near, the bedrock. E

xceptions are w
here 

the W
abash R

iver crosses buried drainage channels. 
T

w
o exam

ples of this are (1) m
ore than 300 ft of 

unconsolidated deposits underlie the W
abash R

iver at 
G

eneva and (2) m
ore than 175 ft of unconsolidated 

deposits underlie the W
abash R

iver just upstream

from
 the m

outh of the M
ississinew

a R
iver (section 

5E
-5E

', fig. 40).

T
he fourth and final area of distinct unconsoli 

dated deposits in the U
pper W

abash R
iver basin is 

south of the W
abash R

iver and w
est of the M

issis 
sinew

a R
iver. T

his area corresponds to the part of the 
T

ipton T
ill Plain that is covered by the T

rafalgar 
Form

ation of L
ate W

isconsinan age (G
ray, 1989). 

T
his area is underlain by buried m

oraines and thick 
deposits of drift. D

rift thickness increases southw
ard 

from
 the W

abash R
iver and generally ranges from

 
0 to 200 ft in this area, although m

ore than 350 ft of 
drift is found south of Frankfort, C

linton C
ounty 

(fig. 39). 
(See hydrogeologic section 5C

-5C
', 

fig. 40.)In this part of the T
ipton T

ill Plain, the till is 
com

posed of an uncem
ented silty, sandy, calcareous 

till containing abundant pebbles and cobbles w
ith 

scattered beds and lenses of silt, sand, and gravel 
(Shaver and others, 1970, p. 176-178). 

D
rift origi 

nated from
 a northeastern (H

uron-E
rie L

obe) 
source. E

ast of Pipe C
reek, the T

rafalgar Form
ation 

is covered by the younger L
agro Form

ation, both of 
L

ate W
isconsinan age (W

ayne, 1963, p. 48).

A
quifer Types

T
en hydrogeologic sections in the U

pper 
W

abash R
iver basin (fig. 40) w

ere constructed for 
this atlas. 

A
ll are oriented perpendicular to the 

W
abash R

iver. E
ight of these hydrogeologic sections 

(5C
-5C

' to 5J-5J', fig. 40) are oriented south-north 
parallel to tow

nship boundaries and are 12 m
i apart. 

T
he tw

o w
esternm

ost hydrogeologic sections 
(5A

-5A
' and 5B

-5B
', fig. 40) are oriented south- 

southeast to north-northw
est (fig. 36). 

H
ydrogeo 

logic sections 5A
-5A

', 5B
-5B

', and 5C
-5C

' (fig. 40) 
are approxim

ately 20 m
i apart on their northern ends 

and 6 m
i apart on their southern ends. T

he average 
density of logged w

ells plotted along the sections is 
1.4 w

ells per m
ile. 

T
he 10 hydrogeologic sections 

(5A
-5A

' to 5 J-5J') have a com
bined total length of 

594 m
iles and a total of 833 plotted w

ells.

A
dditional bedrock-altitude inform

ation used 
in the hydrogeologic sections w

as from
 B

runs and 
others (1985a, 1985b, 1985c). 

B
edrock-stratigraphy 

inform
ation w

as supplem
ented by B

assett and H
asen- 

m
ueller (1979, 1980) and H

asenm
ueller and B

assett 
(1980a, 1980b, 1980c). 

O
ther supplem

ental bedrock 
inform

ation w
as obtained from

 B
assett and K

eith 
(1984) and C

azee (1988).

A
 m

ap show
ing the extent of aquifers in the 

U
pper W

abash R
iver basin (fig. 41) w

as constructed 
by use of the hydrogeologic sections. 

A
dditional 

inform
ation for the aquifer m

ap w
as obtained from

 
the "Q

uaternary geologic m
ap of Indiana" (G

ray, 
1989) as w

ell as other studies referenced elsew
here in 

this section.

T
he aquifer m

ap show
s six types of aquifers 

used in the U
pper W

abash R
iver basin. O

f these six 
aquifer types, four are restricted to the extensive 
unconsolidated deposits. T

hese include surficial sand 
and gravel aquifers, buried sand and gravel aquifers, 
discontinuous sand and gravel aquifers in isolated 
deposits, and deep bedrock valleys, w

hich m
ay 

contain sand and gravel aquifers. A
 fifth aquifer type 

is carbonate bedrock of Silurian and D
evonian age or 

of E
arly M

ississippian age. T
he Silurian and D

evo 
nian carbonate rock is the prim

ary aquifer used in 
about 50 percent of the basin. 

In another 25 to 35 
percent of the basin, the carbonate bedrock aquifer is 
m

apped w
here it is w

ithin 300 ft of the land surface 
but is not com

m
only used for w

ater supply. T
he 

sixth aquifer type show
n in figure 41, an upper 

w
eathered-bedrock aquifer in shale, is present in the 

extrem
e w

estern part of the basin. 
B

ecause the 
aquifer covers such a sm

all part of the basin, it is not 
discussed in this section. 

Inform
ation on the upper 

w
eathered-bedrock aquifer is provided in the sections 

on the K
ankakee R

iver and M
iddle W

abash R
iver 

basins in this report.

C
haracteristics of the five prim

ary aquifer 
types in the U

pper W
abash R

iver basin are listed in 
table 7. 

D
ifferences betw

een the types of sand and 
gravel aquifers are not indicated on the hydrogeo 
logic sections.

U
nconsolidated A

quifers

S
urficial S

and and G
ravel A

quifers

Surficial sand and gravel has been deposited in 
three environm

ents: 
(1) outw

ash plains and valley 
trains w

here sedim
ent w

as deposited by glacial 
m

eltw
aters; (2) alluvial environm

ents w
here sedi 

m
ent is being deposited by present-day stream

s; and 
(3) sand dunes w

here sedim
ent w

as deposited by the 
w

ind. 
M

ost of the surficial sand and gravel deposits 
in the U

pper W
abash R

iver basin are glacial in origin. 
G

lacial m
eltw

ater carried sand and gravel aw
ay from

 
the m

argin of active glaciers. 
O

utw
ash-plain and 

valley-train deposits form
ed along glacial drainage 

routes. L
arge outw

ash deposits of unconsolidated 
sand and gravel are present along the E

el R
iver, 

T
ippecanoe R

iver and along the W
abash R

iver dow
n 

stream
 from

 D
elphi. T

rem
endous volum

es of sedi 
m

ent w
ere brought into the W

abash R
iver by the E

el 
and T

ippecanoe R
ivers.

O
utw

ash-plain deposits blanket m
ore than 

600 m
i 

of the U
pper W

abash R
iver basin w

ith sand 
and gravel. M

ost surficial outw
ash-plain deposits are 

near the T
ippecanoe R

iver. T
hese outw

ash-plain 
deposits form

 a blanket of sand from
 20 to 80 ft thick. 

O
utw

ash-plain deposits are m
apped north of L

ake 
Shafer at B

uffalo (section 5B
-5B

', fig. 40). H
ere, the 

surficial deposits are from
 20 to 50 ft thick and as 

m
uch as 720 ft above sea level. 

Surficial deposits of 
sand and gravel, as m

uch as 80 ft thick, are m
apped 

(section 5C
-5C

', fig. 40) from
 the T

ippecanoe R
iver 

north to L
ake H

oughton and the basin boundary.

B
eginning at D

elphi, terraced valley-train 
sands and gravels are present along the W

abash 
R

iver. T
hese valley-train deposits form

 tw
o terraces 

above the current flood plain. (See M
cB

eth, 1902, 
p. 237.) T

he terraces form
ed at the tim

e the glaciers 
w

ere m
elting. 

T
he w

idth of the outw
ash deposits 

range from
 1.5 to 2.5 m

i upstream
 from

 L
ogansport, 

and from
 2 to 3 m

i dow
nstream

 from
 D

elphi. L
arge 

flow
 volum

es during glacial tim
e scoured the shallow

 
bedrock and prevented the accum

ulation of m
ajor 

unconsolidated deposits along the W
abash R

iver 
upstream

 from
 L

ogansport.
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Figure 40. H
ydrogeologic sections 5A -5A

' to 5
J
-5

J
' of the U

pper W
abash R

iver basin.
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Figure 40. H
ydrogeologic 

sections 5A
-5A

' to 5
J-5

J' of 
the U

pper W
abash R

iver 
basin C
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In Indiana, surficial sand and gravel deposits 
com

m
only contain large volum

es of recoverable ground 
w

ater, especially in outw
ash m

aterials. W
ater levels in 

surficial aquifers are generally w
ithin 30 ft of the land 

surface, but are deeper adjacent to the W
abash R

iver 
dow

nstream
 from

 D
elphi (section 5A

-5A
', fig. 40). 

T
errace deposits in this area have deep, unconfined 

w
ater tables. B

ecause surficial aquifers are easily 
contam

inated, som
e surface deposits are no longer 

suitable for potable ground-w
ater production. In 

K
osciusko C

ounty, 30 of 83 private supply w
ells w

ith 
nitrate contam

ination tap surficial, unconfined aquifers 
(State of Indiana, 1989, p. 9-11).

A
lluvial deposits are another type of surficial 

aquifer that is com
m

on in the U
pper W

abash R
iver 

basin. C
om

posed of rew
orked outw

ash sand and gravel 
and deposited adjacent to river channels, alluvial 
deposits com

m
only form

 a veneer on bedrock or drift. 
D

eposits of alluvium
 are generally less than 30 ft thick 

and are covered by less than 10 ft of nonaquifer 
m

aterial.T
he largest alluvial aquifers in the basin are 

found w
ithin the outw

ash deposits along the Eel R
iver 

and along the W
abash R

iver dow
nstream

 from
 D

elphi. 
D

ow
nstream

 from
 D

elphi, the w
idth of the alluvial 

deposits is from
 0.5 to 1 m

i along the W
abash R

iver. 
A

lthough bedrock reappears adjacent to the river in 
som

e areas, the alluvial deposits are continuous from
 

D
elphi dow

nstream
 330 m

i to the m
outh.

Sand dunes are another com
m

on type of surficial 
unconsolidated deposit in the U

pper W
abash R

iver 
basin. W

ind has rew
orked both alluvial and outw

ash 
deposits into sand dunes. T

w
o of the largest dunes are 

show
n (T. 29 N

. and 30 N
.) in hydrogeologic section 

5B
-5B

' (fig. 40). These dunes stand 20 to 30 ft above 
the outw

ash plain. D
une deposits are very fine grained 

and m
ay be above the w

ater table, w
hich m

akes dune- 
sand deposits a poor source of ground-w

ater.

B
uried Sand and G

ravel A
quifers

M
ost of the sand and gravel deposits in the U

pper 
W

abash R
iver basin are buried (fig. 41). Form

ing 
general horizons w

ithin the drift, buried sand and gravel 
aquifers form

erly w
ere isolated- to reticulating-fan, sub-

ice channel, outw
ash-plain, and valley-train deposits. 

B
uried aquifers are m

apped as continuous although 
they w

ere not deposited uniform
ly. V

ariations in the 
aggradational environm

ent resulted in large variations 
of intertill aquifer thickness and distribution. A

ddi 
tional disruption of deposits resulted from

 glacial scour 
and shoving during burial. M

ost buried aquifers w
ere 

originally surficial deposits, w
hich have now

 been 
enclosed w

ithin the drift. B
uried aquifers are covered 

by silty, clay-loam
 to loam

 tills and loess in the U
pper 

W
abash R

iver basin. The exact location and elevation 
of buried aquifers is unpredictable, as is their degree of 
interconnection.

In the U
pper W

abash R
iver basin, num

erous 
intertill sand and gravel deposits have been exposed by 
stream

 erosion. E
xam

ples are show
n along the W

abash 
R

iver (sections 5A
-5A

' to 5F-5F', fig. 40); the Sala- 
m

onie R
iver (sections 5G

-5G
' to 5J-5J', fig. 40); the 

M
ississinew

a R
iver (sections 5E

-5E
' to 5 J-5 J', fig. 40); 

the Eel R
iver (sections 5D

-5D
' and 5E

-5E
', fig. 40); 

the T
ippecanoe R

iver (sections 5C
-5C

' to 5E
-5E

', 
fig. 40); Pipe C

reek (sections 5D
-5D

' and 5E
-5E

', 
fig. 40); and W

ildcat C
reek (sections 5A

-5A
' to 

5C
-5C

, fig. 40).

In addition to the buried sand and gravel deposits 
exposed along the m

ajor stream
s, num

erous buried sand 
and gravel aquifers are exposed by tributary stream

s 
throughout the area. T

he hydrogeologic sections indi 
cate the connection betw

een surface drainage and the 
buried sand and gravel aquifers. Except during high 
stream

 stage, ground w
ater com

m
only discharges to the 

stream
s.South of the W

abash R
iver and northw

est of 
K

okom
o, buried aquifers are com

m
on and fairly exten 

sive. In m
any areas, a basal aquifer is present at the 

interface of bedrock and drift. N
orth of the W

abash 
R

iver in the U
pper W

abash R
iver basin m

ost ground- 
w

ater production com
es from

 buried sand and gravel 
aquifers. G

round w
ater in buried aquifers is gener 

ally confined. L
arge yields of w

ater, ranging from
 20 

to 1,350 gal/m
in are available from

 buried aquifers in 
the U

pper W
abash R

iver basin. 
T

he largest yields 
available are in K

osciusko, N
oble, and W

hitley 
C

ounties (C
lark, 1980, p. 33).
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Figure 40. H
ydrogeologic 

sections 5A
-5A

' to 5
J-5

J' of 
the U

pper W
abash R

iver 
basin C

ontinued.
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B
leuer and M

oore (1978, p. 43) report that, in a 
study for A

lien C
ounty, w

ater from
 the glacial aquifers 

has higher dissolved concentrations of bicarbonate, 
iron, and zinc than w

ater from
 the carbonate bedrock 

aquifer. W
ater in w

ells sam
pled from

 glacial aquifers 
contained four tim

es as m
uch dissolved iron as w

ater in 
w

ells sam
pled from

 the carbonate bedrock aquifer. 
N

one of these constituents present a health hazard in 
concentrations reported.

N
um

erous deposits of cem
ented sand and gravel 

have been found in the U
pper W

abash R
iver basin. 

L
ithified H

olocene deposits have form
ed from

 the 
chem

ical deposition of calcium
 carbonate and hydrous 

iron oxides dissolved in ground w
ater. D

eposition of 
the cem

enting agents occurs w
here confined aquifers 

are exposed to the atm
osphere, as in aquifer outcrops 

along stream
s. O

ne notable occurrence of a cem
ented 

sand and gravel deposit is Prophet's R
ock, at the 

T
ippecanoe B

attleground site, B
attle G

round, Ind. 
Prophet's R

ock (T. 24 N
.), show

n on hydrogeologic 
section 5A

-5A
' (fig. 40), is an outcrop of sand, gravel, 

and cobbles cem
ented by calcium

 carbonate.

D
iscontinuous Sand and G

ravel A
quifers

Tw
o m

ain areas of discontinuous buried sand 
and gravel aquifers are show

n on the aquifer m
ap 

(fig. 41). W
ithin these areas, aquifers are sm

all, 
discontinuous deposits (lenses) of sand and gravel at 
scattered elevations. B

raided stream
s and sub-ice 

channels form
ed sinuous sand and gravel deposits, 

w
hich are not continuous over broad areas. Further 

disruption of deposits resulted from
 glacial scour and 

shoving. D
iscontinuous aquifers supply adequate 

w
ater for dom

estic needs; how
ever, the larger yields 

necessary for agricultural, industrial and m
unicipal 

needs m
ay be unavailable. M

ost w
ells penetrate 

several lenses of sand and gravel.
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O
ne area of discontinuous sand and gravel, 

located betw
een the T

ippecanoe and E
el R

ivers in 
K

osciusko, W
abash, and W

hitley C
ounties (fig. 41), 

extends northeast into the St. Joseph R
iver basin. This 

area is w
ithin the Steuben M

orainal L
ake physio 

graphic area and is m
apped as m

orainal topography by 
G

ray (1989). T
he area is labeled "m

oraine com
plex" 

on hydrogeologic sections 5F
-5F

' (fig. 40) and as 
"M

ississinew
a M

oraine" in Tps. 31 and 32 N
. in 

hydrogeologic section 5G
-5G

' (fig. 40).

T
he second area of discontinuous sand and 

gravel is in eastern C
linton and w

estern H
ow

ard 
C

ounties, w
ithin the T

ipton T
ill Plain (fig. 41). This 

area does not coincide w
ith m

apped surficial geologic 
features (G

ray, 1989), although thick m
orainal deposits 

are present in the subsurface. T
he lack of aquifer conti 

nuity in this buried m
oraine area is show

n in Tps. 22 
and 23 N

.of hydrogeologic section 5C
-5C

' (fig. 40). 
Parts of another discontinuous aquifer deposit are 
present in Jasper, Pulaski, and Starke C

ounties 
(fig. 41). 

M
ost of this discontinuous aquifer area is 

outside this basin and w
ithin the K

ankakee R
iver basin.

hi areas w
ith discontinuous sand and gravel 

aquifers, the interconnection betw
een ground w

ater 
and surface w

ater is not evident due to the low
 perm

e 
ability of the enclosing m

aterials. W
ater in discon 

tinuous sand and gravel aquifers is generally confined. 
W

hen several discontinuous aquifers are penetrated, 
the potentiom

etric head in each successive aquifer is 
generally low

er than the potentiom
etric head of the 

aquifer above it. This is indicative of ground-w
ater 

recharge through low
-perm

eability m
aterials. W

ell 
yields (exclusive of dom

estic w
ells) from

 discon 
tinuous sand and gravel deposits range from

 20 to 
300 gal/m

in, w
ith a m

edian of 90 gal/m
in (N

yrnan and 
Pettijohn, 1971, p. 47). M

edian depth of w
ells in 

discontinuous sand and gravel aquifers is slightly 
greater than that of w

ells in continuous sand and gravel 
(buried and surficial) to accom

m
odate larger 

draw
dow

ns.

Sand and G
ravel W

ithin B
uried Preglacial B

edrock Valleys

D
uring this century, inform

ation obtained by 
exploratory drilling for oil and w

ater has been used for

delineation of a deeply buried preglacial valley system
 

(fig. 7). The preglacial Lafayette B
edrock V

alley 
(form

erly know
n as the T

eays V
alley) crosses Indiana 

through the U
pper W

abash R
iver basin. R

epeated 
glaciation filled the L

afayette B
edrock V

alley w
ith 

glacial and lake sedim
ents. T

he valley w
as filled by 

different geologic events at different tim
es. T

he 
L

afayette B
edrock V

alley underlies 384 m
i2 (N

yrnan 
and Pettijohn, 1971, p. 55) of this basin.

T
he only surface indications of the buried bed 

rock valley are in the area of L
oblolly and L

im
berlost 

C
reeks near G

eneva in A
dam

s and Jay C
ounties, and 

near R
ichvalley in W

abash and M
iam

i C
ounties. N

ear 
G

eneva, a sw
am

p form
ed in the surface depression 

directly above the buried valley. This sw
am

p is 
drained by L

oblolly C
reek, w

hich follow
s the buried 

valley. T
he drape of the stratigraphy above this deep 

valley is show
n in T. 24 N

. of hydrogeologic section 
51-51' (fig. 40).

A
t R

ichvalley, the W
abash R

iver's bedrock 
channel ends and the valley w

idens as the L
afayette 

B
edrock V

alley tangentially crosses 170 ft below
 the 

river. H
ydrogeologic section 5E

-5E
' (fig. 40) transects 

the valley (T. 27 N
.) betw

een R
ichvalley and Peru. 

A
lthough the W

abash R
iver has a rock channel up 

stream
 and dow

nstream
, it has an alluvial channel in 

this area. C
hannel w

idth and slum
p com

paction of 
thick valley fill has facilitated the deposition of thin 
alluvial sedim

ents over thick glacial outw
ash in the 

R
ichvalley area.

T
he stratigraphy of the valley fill has been 

recently studied. B
leuer (1991) and B

leuer and others 
(1991) report on the stratigraphy of unconsolidated 
deposits w

ithin the buried valley. D
etailed strati- 

graphic inform
ation on the location of thick, highly 

transm
issive unconsolidated deposits w

ithin the buried 
valley are intended to allow

 planners to locate high- 
yield w

ells, hi sum
m

ary, B
leuer and others (1991, 

p. 88) state the general rule "...w
est is best, east is 

least...," m
eaning that the buried aquifer has high 

yields from
 about Peru w

estw
ard to Illinois, w

hereas 
productivity is less dependable eastw

ard tow
ard O

hio.
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Figure 40. H
ydrogeologic 

sections 5A
-5A

' to 5
J-5

J' 
of the U

pper W
abash R

iver 
basin C

ontinued.
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T
he largest w

ell yields in the U
pper W

abash 
R

iver basin are from
 unconsolidated aquifers in the 

buried bedrock valley. Y
ields from

 nondom
estic w

ells 
ranged from

 25 to 2,000 gal/m
in; a m

edian yield of 
700 gal/m

in is reported by N
yrnan and Pettijohn (1971, 

p. 47). T
he valley fill is very productive in several 

areas. Several m
unicipal users w

ithdraw
 ground w

ater 
from

 aquifers in or just above the Lafayette B
edrock 

V
alley. C

ities in the U
pper W

abash R
iver basin that 

use the buried valley aquifer are B
erne, D

ecatur, 
G

eneva, M
arion, L

a Fontaine, and Peru. Som
e valley 

fill aquifers are so thick and areally extensive that they 
can easily supply sustainable yields of tens of m

illions 
of gallons per day (B

leuer and others, 1991, p. 79).

T
hree areas of the U

pper W
abash R

iver basin are 
underlain by few

 unconsolidated aquifers. T
hese three 

areas are (1) A
dam

s and W
ells C

ounty, (2) w
estern 

G
rant C

ounty, and (3} parts of W
hite and Pulaski 

C
ounties. T

hese three areas are sim
ilar in that thin drift 

deposits overlie scoured bedrock. A
lthough yield from

 
the drift-bedrock interface is sm

all, a thin sand and 
gravel unit is generally present.
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A
 Silurian-D

evonian carbonate bedrock aqui 
fer underlies nearly all of the U

pper W
abash R

iver 
basin (fig. 41). C

arbonate bedrock is absent from
 the 

base of the L
afayette B

edrock V
alley in the eastern 

part of the basin, w
hereas it is 700 ft thick near the 

tricorner area of A
lien, W

hitley, and N
oble C

ounties. 
A

long the far northern side of the basin, increasing 
drift thickness and an overlying shale unit restrict 
access to the carbonate bedrock aquifer. 

T
he car 

bonate bedrock aquifer is not com
m

only used in 
areas w

here the overlying drift thickness exceeds 
150 ft.G

round-w
ater flow

 in the carbonate bedrock 
aquifer is through vertical fractures, horizontal

bedding planes, and solution openings. 
K

arstifi- 
cation of the carbonate bedrock aquifer by surface 
w

ater entering the ground-w
ater system

 has further 
enhanced the secondary perm

eability of the carbon 
ate bedrock aquifer throughout the basin. T

his 
secondary enhancem

ent of perm
eability is respon 

sible for the largest w
ell yields available from

 the 
carbonate bedrock aquifer. Planert (1980, p. 15) 
found that the hydraulic conductivity of the carbonate 
bedrock aquifer in A

lien C
ounty is greatest near the 

preglacial erosion surface and decreases w
ith depth.

A
 ground-w

ater divide separates regional 
ground-w

ater flow
 in the northeastern part of the 

carbonate bedrock aquifer in the U
pper W

abash 
R

iver basin (G
reem

an, 1991). 
N

ortheast of this 
divide, m

ore than 1,000 m
i2 of the U

pper W
abash 

R
iver basin, and part of the W

hite R
iver basin (fig. 1)

drain tow
ard the M

aum
ee R

iver basin. 
T

he ground- 
w

ater flow
 in the regional carbonate bedrock aquifer 

is tow
ard the M

aum
ee R

iver basin from
 as far w

est as 
H

untington, Ind. and as far south as R
andolph 

C
ounty (fig. 36) (G

reem
an, 1991). 

Southw
est of the 

regional ground-w
ater flow

 divide in the Silurian- 
D

evonian carbonate bedrock aquifer, ground-w
ater 

flow
 is tow

ard the W
abash R

iver. 
H

ydrogeologic 
sections 5G

-5G
' to 5J-5J' (fig. 40) illustrate these 

conclusions.

In the U
pper W

abash R
iver basin, yields from

 
the Silurian-D

evonian carbonate bedrock aquifer are 
suitable for dom

estic and stock uses. Y
ields suitable 

for sm
all industries are com

m
on; how

ever, large 
yields are less com

m
on. W

ell yields from
 the 

Silurian-D
evonian carbonate bedrock aquifer system

 
range from

 15 to 1,250 gal/m
in. M

edian yields for

nondom
estic w

ells are 200 and 360 gal/m
in for the 

Silurian and D
evonian carbonate rocks, respectively 

(N
ym

an and Pettijohn, 1971, p. 47).

T
he Silurian-D

evonian carbonate bedrock 
aquifer system

 is the alternative ground-w
ater source 

for the U
pper W

abash R
iver basin. If sufficient w

ater 
is not found in the unconsolidated deposits, the car 
bonate bedrock is a dependable source in m

ost of the 
area. 

N
orth of the E

el and T
ippecanoe R

ivers, the 
carbonate bedrock aquifer is seldom

 used because 
w

ater supply is available from
 shallow

er sand and 
gravel aquifers. 

South of the E
el and T

ippecanoe 
R

ivers, the carbonate bedrock aquifer is w
ithin 100 ft 

of the land surface in m
any areas; how

ever, not all 
w

ells tap the carbonate rock, as dom
estic supplies are 

com
m

only available from
 sand and gravel deposits.
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Table 7. 

C
haracteristics of aquifer types in the U

pper W
abash R

iver basin
[L

ocations of aquifer types show
n in fig. 41]
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A
quifer type

Surficial sand and gravel

B
uried sand and gravel

D
iscontinuous sand and gravel

Sand and gravel in buried 
bedrock valley

C
arbonate bedrock

T
hickness 
(feet)

0- 
80

0-120

0- 
80

0-200

0-700

0- 
22

R
ange of yield 
(gallons per 

m
inute)

20- 1,350

20- 1,000

20- 
300

25- 2,000

15- 1,250

0- 
200

C
om

m
on nam

e(s)

L
afayette B

edrock V
alley 

aquifer1

Silurian-D
evonian carbonate

bedrock aquifer

R
ockford L

im
estone

B
leuer and others, 1991.

_
,,._

, 
W

A
T

E
R

-M
A

N
A

G
E

M
E

N
T

-B
A

S
IN

 
B

O
U

N
D

A
R

Y

N
O

T
E

: 
T

h
is m

o
p

 is d
e

s
ig

n
e

d
 fo

r re
g

io
n

a
l 

e
v
a

lu
a

tio
n

s
 a

n
d
 s

h
o
u
ld

 n
o

t b
e

 th
e
 

b
a
s
is

 fa
r e

v
a
lu

a
tio

n
 a

f s
p
e
c
ific

 s
ite

s

W
here the carbonate rock is overlain by shale, 

ground-w
ater circulation is restricted. This restric 

tion allow
s tim

e for accessory m
inerals to dissolve 

and degrade the quality of the ground w
ater in the 

carbonate bedrock aquifer. C
oncentrations of dis 

solved m
inerals becom

e objectionable in areas w
here 

circulation is restricted. A
 com

m
on objectionable 

constituent is sulfate, w
hich dissolves from

 gypsum
. 

Elevated concentrations of sulfate are prim
arily 

reported from
 carbonate rocks of D

evonian age. 
B

leuer and M
oore (1978, p. 43) report that ground 

w
ater from

 the carbonate bedrock aquifer has signifi 
cantly higher concentrations of dissolved strontium

 
and sodium

 than ground w
ater from

 the glaciofluvial 
aquifers.

A
 L

ow
er M

ississippian carbonate bedrock
^

aquifer (R
ockford Lim

estone) underlies the 100 m
i 

B
orden G

roup subcrop in the far w
estern part of the

U
pper W

abash R
iver basin. H

ydrogeologic section 
5A

-5A
' (fig. 40) indicates the location of the R

ock- 
ford Lim

estone and its distribution. The R
ockford 

L
im

estone is not a productive aquifer. It is, how
ever, 

approxim
ately 130 ft shallow

er than the Silurian- 
D

evonian carbonate bedrock aquifer in this area. The 
R

ockford Lim
estone attains a thickness of as m

uch as 
22 ft in this basin. A

lthough w
ell yields are sm

all, 
they m

ay be suitable for dom
estic needs.

The deep O
rdovician and C

am
brian rocks 

contain several potential aquifers. 
In the U

pper 
W

abash R
iver basin, how

ever, these O
rdovician and 

C
am

brian rocks are not used as aquifers, because 
they are deeply buried and the w

ater is saline.

S
um

m
ary

The U
pper W

abash R
iver basin, located in 

north-central Indiana, is the largest w
ater m

anage 
m

ent basin (6,918 m
i2) in Indiana. 

It includes the 
cities of B

luffton, C
olum

bia C
ity, Frankfort, H

artford 
C

ity, H
untington, K

okom
o, L

ogansport, M
arion,

M
onticello, N

orth M
anchester, Peru, Portland, 

R
ochester, W

abash, and W
arsaw

.

Six different aquifer types w
ere m

apped w
ithin 

the basin (fig. 41): 
(1) surficial sand and gravel, 

(2) buried sand and gravel, (3) discontinuous buried 
sand and gravel, (4) sand and gravel w

ithin buried 
preglacial bedrock valleys, (5) carbonate bedrock of 
Silurian and D

evonian ages and Low
er M

ississippian 
age, and (6) an upper w

eathered-bedrock aquifer in 
M

ississippian shale.

The U
pper W

abash R
iver basin contains large 

volum
es of usable ground w

ater. The principal 
source of ground w

ater in this basin is the unconsoli- 
dated deposits. M

ore than 600 m
i2 of the basin is 

covered by surficial sand and gravel deposits, w
hich 

average 30 ft in thickness (N
ym

an and Pettijohn, 
1971, p. 55). M

ost surficial deposits are in the Tippe- 
canoe R

iver drainage. D
om

estic w
ater supplies from

 
buried sand and gravel aquifers are available 
throughout m

ost of the basin. Y
ields from

 the sand 
and gravel aquifers range from

 20 to 1,350 gal/m
in;

the largest yields are in K
osciusko, N

oble, and 
W

hitley C
ounties.

The m
ost productive aquifer system

 in the 
basin is w

ithin the buried Lafayette B
edrock V

alley 
deposits. 

Som
e segm

ents of the Lafayette B
edrock 

V
alley contain unconsolidated deposits that are 

capable of producing as m
uch as 2,000 gal/m

in. The 
cities of D

ecatur, G
eneva, M

arion, La Fontaine, and 
Peru derive all or part of their w

ater supply from
 the 

buried-valley segm
ents. Som

e valley-fill aquifers are 
so thick and are ally extensive that they can supply 
sustainable yields of tens of m

illions of gallons per 
day.

The Silurian-D
evonian carbonate bedrock 

aquifer is the prim
ary bedrock ground-w

ater 
resource. The carbonate bedrock aquifer is w

ithin 
300 ft of the land surface in m

ore than 80 percent of 
the U

pper W
abash R

iver basin. 
Y

ields of w
ells that 

tap carbonate bedrock aquifers in this basin range 
from

 0 to 1,250 gal/m
in; how

ever, the bedrock aqui 
fer is seldom

 used in m
ost areas because of the abun 

dance of ground w
ater in unconsolidated aquifers.

U
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B
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G
eneral D

escription

The M
iddle W

abash R
iver basin, as defined in 

this report, encom
passes 3,453 m

i2 of w
est-central 

Indiana (H
oggatt, 1975). The basin is bounded on 

the w
est by Illinois, extends eastw

ard to approxi 
m

ately 12 m
i east of Lebanon, and extends north- 

south from
 approxim

ately 10 m
i south of Terre H

aute 
to approxim

ately 18 m
i north of L

afayette (fig. 42). 
The M

iddle W
abash R

iver basin includes all of 
Fountain, M

ontgom
ery, V

errnillion, and W
arren 

C
ounties, significant parts of B

enton, B
oone, Parke, 

Tippecanoe, and V
igo C

ounties, and sm
all parts of 

six other counties. The largest population centers in 
the M

iddle W
abash R

iver basin, listed in order of 
relative size, are Terre H

aute, Lafayette, W
est 

Lafayette, C
raw

fordsville, and Lebanon.

Previous Studies

Several facets of the w
ater resources of a large 

part of the M
iddle W

abash R
iver basin w

ere 
exam

ined by W
angsness and others (1983), w

ho 
sum

m
arized regional ground-w

ater quantity and 
quality, surface-w

ater quantity and quality, and

precipitation characteristics. A
nother large-scale 

study w
as done by the W

abash R
iver C

oordinating 
C

om
m

ittee (1971) on the entire W
abash R

iver 
basin. The M

iddle W
abash R

iver basin, as defined in 
that report, included the M

iddle W
abash R

iver basin 
as defined here, along w

ith drainage areas in 
Illinois. N

ym
an and Pettijohn (1971) concentrated 

on the ground-w
ater resources com

ponent of that 
study and reported on aquifer definition, base flow

 to 
stream

s, chem
ical quality, and m

anagem
ent consider 

ations. A
 report by M

arie and D
avis (1974) refers to 

a M
iddle W

abash R
iver basin that is geographically 

different from
 the M

iddle W
abash R

iver basin 
defined in this report. T

he dow
nstream

 lim
it of the 

basin studied by M
arie and D

avis is virtually the 
upstream

 lim
it of this report; how

ever, the w
ater 

budget, ground-w
ater availability, surface-w

ater data, 
and other aspects of the report by M

arie and D
avis 

are pertinent because aquifers com
m

on to both areas 
m

ay be hydraulically connected and of com
m

on 
origin. In addition, clim

atic and surface-w
ater 

characteristics are sim
ilar for both basins.

The cities of Lafayette and W
est Lafayette, 

com
bined, form

 the largest population center w
ithin 

the M
iddle W

abash R
iver basin. Several studies have 

exam
ined the hydrogeology of glacial deposits 

underlying the Lafayette area. M
aarouf and M

elhorn 
(1975) discussed shallow

-bedrock and unconsoli- 
dated aquifers and produced lithofacies m

aps of the 
unconsolidated m

aterials to a depth of 400 ft. The 
ground-w

ater resources of buried bedrock-valley 
deposits w

est of the L
afayette area in Illinois, w

ere 
described by V

isocky and Schicht (1969). The 
potentiom

etric surface in, and hydraulic conductivity 
of, outw

ash deposits near L
afayette w

ere determ
ined 

by Pohlm
ann (1986), w

ho also suggested values for 
recharge rates through overlying tills. Som

e m
anage 

m
ent considerations for the potential exploitation of 

ground-w
ater resources in the L

afayette area w
ere 

suggested by Loganathan and others (1980).

Several reports have been prepared on a county 
scale that describe the ground-w

ater resources of 
counties in the M

iddle W
abash R

iver basin. R
eports 

by W
atkins and Jordan list w

ell-records and give 
prelim

inary inform
ation on geology and ground-

w
ater resources in M

ontgom
ery, Fountain and 

V
erm

illion C
ounties (1965a, 1965b, 1965c), and 

Putnam
 and Parke C

ounties (1964a, 1964b). O
ther 

county reports not only describe these aspects of 
ground-w

ater resources but also include discussions 
of geology and w

ater quality for B
oone C

ounty 
(B

row
n, 1949), T

ippecanoe C
ounty (R

osenshein and 
C

osner, 1956; R
osenshein, 1958), and M

ontgom
ery 

C
ounty (C

able and R
obison, 1974). Several reports 

discuss the ground-w
ater resources in V

igo C
ounty 

(Steen and U
hl, 1959; W

atkins and Jordan, 1963). 
C

able and others (1971) delineate and discuss the 
principal bedrock and unconsolidated aquifers in 
V

igo and C
lay C

ounties. The flow
 system

 and 
ground-w

ater quality in the Pennsylvanian M
ansfield 

Form
ation in C

lay C
ounty are described by Thom

as 
(1980).

Physiography

Topographic relief w
ithin the M

iddle W
abash 

R
iver basin is approxim

ately 530 ft. A
ltitudes range 

from
 a low

 of nearly 440 ft above sea level to a high 
of 970 ft above sea level. The low

est point is in the 
valley of the W

abash R
iver at its exit from

 the basin 
in V

igo C
ounty and the highest point is in the uplands 

of B
oone C

ounty in the eastern part of the basin.

T
he valley of the W

abash R
iver is a dom

inant 
physiographic feature w

ithin the basin. In places the 
valley is 2 to 3 m

i w
ide. 

Large expanses of flood- 
plain low

lands are present at the confluences of 
m

ajor tributaries such as the V
erm

illion R
iver and 

B
ig R

accoon C
reek. Prom

inent terrace surfaces can 
also be seen in m

any areas along the course of the 
river valley.

The surface physiography of the M
iddle 

W
abash R

iver basin is dom
inated by the T

ipton Till 
Plain (fig. 43). The southern extent of the T

ipton Till 
Plain is m

arked by the Shelbyville M
oraine and 

coincides w
ith the southern extent of W

isconsinan 
glaciation in the basin. The T

ipton Till Plain is a 
generally featureless, flat to gently-rolling plain, 
w

hich is interrupted in places by very low
-relief end 

m
oraines, including the C

hatsw
orth, C

raw
fordsville,

and Shelbyville M
oraines (M

alott, 1922, pi. Ill, 
p. 107; Schneider, 1966, p. 50). Som

e ice-disinte 
gration features, including disintegration ridges and 
prairie m

ounds, also can be seen w
ithin the Tipton 

Till Plain in the M
iddle W

abash R
iver basin (B

leuer, 
1974).South of the W

isconsinan glacial boundary, 
physiography is controlled by bedrock, although pre- 
W

isconsinan glacial deposits and W
isconsinan loess 

are present at land surface. T
he W

abash L
ow

land 
m

akes up m
ost of the area south of the W

isconsinan 
glacial boundary w

ithin the M
iddle W

abash R
iver 

basin (fig. 43). The W
abash L

ow
land is charac 

terized by broad, terraced valley bottom
s and undu 

lating uplands (Schneider, 1966, p. 48). The overall 
subdued topography is controlled dom

inantly by the 
underlying fine-grained, clastic Pennsylvanian bed 
rock. Im

m
ediately east of the W

abash Low
land is the 

C
raw

ford U
pland (fig. 43), a dissected, w

estw
ard- 

sloping upland (Schneider, 1966, p. 47). The diverse 
topography of the C

raw
ford U

pland reflects the 
underlying bedrock, an alternating sequence of 
resistant and nonresistant strata of U

pper M
issis- 

sippian C
hester rocks and the basal-Pennsylvanian 

M
ansfield Form

ation.

There are several large areas of hum
an- 

disturbed land in the basin, particularly in the 
southern part in V

erm
illion, V

igo, C
lay, and Parke 

C
ounties. M

ost of the disturbed land in those 
counties results from

 surface m
ining of coal and 

tailings disposal.

Surface-W
ater Hydrology

The W
abash R

iver is the m
ain surface drainage 

channel w
ithin the M

iddle W
abash R

iver basin. 
M

ean discharges at gaging stations w
hich m

onitor 
the W

abash R
iver range from

 6,484 ft3/s at Lafayette 
to 10.870 ft3/s at Terre H

aute (A
rvin, 1989). D

aily 
m

ean discharges for the 1988 calendar year at 
Lafayette range from

 a m
inim

um
 of 702 ft3/s to a 

m
axim

um
 of 32,600 ft3/s (Thom

pson and N
ell, 1990, 

p. 99). The W
abash R

iver flow
s from

 east to w
est in 

the northern part of the basin and from
 north to south 

in the central and southern parts; the m
ajor change in

M
iddle W

abash R
iver B

asin 
85
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direction of flow
 is near C

ovington, Ind. (fig. 42). 
T

he W
abash R

iver enters the basin near L
afayette in 

T
ippecanoe C

ounty, flow
s through T

ippecanoe and 
W

arren C
ounties, continues along the county line 

betw
een V

erm
illion C

ounty and Fountain and Parke 
C

ounties, and then exits the basin through V
igo 

C
ounty at the Illinois-Indiana State line.

L
ittle Pine, B

ig Pine, and M
ud Pine C

reeks 
drain the northern part of the M

iddle W
abash R

iver 
basin (fig. 42). T

he confluence of B
ig Pine C

reek 
w

ith the W
abash R

iver is at A
ttica, Indiana, T

he 
C

oal C
reek system

 drains the north-central and 
central part of the basin. T

he confluence of C
oal 

C
reek w

ith the W
abash R

iver is just east of C
ayuga, 

Sugar C
reek, a m

ajor tributary in the basin, flow
s 

southw
est out of C

raw
fordsville and drains the entire 

eastern and south-central part of the basin. T
he 

confluence of Sugar C
reek w

ith the W
abash R

iver is 
north of M

ontezum
a. R

accoon C
reek drains the 

southeastern and southern part of the basin. 
A

 reach 
of R

accoon C
reek has been dam

m
ed to create C

ecil 
M

, H
ardin L

ake (M
ansfield R

eservoir), east of 
R

ockville in E
astern Parke C

ounty, 
T

he confluence 
of R

accoon C
reek w

ith the W
abash R

iver is south of 
M

ontezum
a. T

he V
erm

illion R
iver drains the 

w
estern part of the basin and joins the W

abash R
iver 

southeast of C
ayuga. 

M
uch of the V

erm
illion R

iver 
basin is in Illinois and hence, is not covered in this 
report. 

M
ost of the m

ajor tributaries to the W
abash 

R
iver in w

estern Indiana have, in places, cut through 
the cover of unconsolidated deposits and occupy 
valleys w

ith exposed bedrock valley w
alls.

G
eology

B
edrock D

eposits

T
he M

iddle W
abash R

iver basin lies on the 
eastern and northeastern m

argin of the structural 
Illinois B

asin and on the southw
estern lim

b of the 
K

ankakee A
rch (fig. 4). B

edrock units strike gener 
ally northw

est, dipping gently into the interior of the 
Illinois B

asin. Subcrops of rock units at the bedrock 
surface are progressively younger w

estw
ard (fig, 44), 

T
he oldest rocks exposed at the bedrock surface are 

carbonate rocks of the W
abash Form

ation of Silurian 
age in B

oone, C
linton, and T

ipton C
ounties (fig. 44;

G
ray and others, 1987). T

he youngest bedrock 
subcrop includes clastic rocks of the Pennsylvanian 
M

cL
eansboro G

roup in V
igo and V

erm
illion 

C
ounties along the Illinois-Indiana State line.

A
t least three m

ajor unconform
ities are present 

in the stratigraphic sequence, including the Silurian- 
D

evonian disconform
ity, the M

ississippian-Penn- 
sylvanian angular unconform

ity, and the pre-Pleis- 
tocene angular unconform

ity (the Silurian-D
evonian 

disconform
ity is not show

n on hydrogeologic sec 
tions of the M

iddle W
abash R

iver basin; Silurian and 
D

evonian rocks are represented as a continuous 
sequence of parallel carbonate rocks). T

he erosional 
surface at the M

ississippian-Pennsylvanian 
boundary, in som

e places, is characterized by topog 
raphy w

ith significant relief, including valleys as 
m

uch as 115 ft deep (G
ray, 1979, p. 12), A

 com
pre 

hensive interpretation of the configuration of the pre- 
Pennsylvanian surface by K

eller (1990) w
as used as 

an aid in verification of the position of the M
issis 

sippian-Pennsylvanian boundary in the subsurface of 
the M

iddle W
abash R

iver basin. 
A

n exam
ple of the 

M
ississippian-Pennsylvanian angular unconform

ity 
can be seen in hydrogeologic section 6G

-6G
' 

(fig. 46),

T
he bedrock surface underlying unconsoli 

dated m
aterials has preserved a topography that w

as 
at least partially acquired before Pleistocene glacial 
deposition, A

 regional, east-w
est paleodrainage 

system
 w

ith m
any tributary valleys converge into a 

trunk valley in the vicinity of L
afayette, Ind. 

This 
bedrock valley system

 has historically been referred 
to as the T

eays-M
ahom

et bedrock valley (W
ayne, 

1956, p, 36) and, m
ore recently, as the L

afayette 
B

edrock V
alley System

 (B
leuer, 1989; 1991; B

leuer 
and others, 1991). E

xcellent exam
ples of this buried 

drainage system
 can be seen in hydrogeologic 

sections 6A
-6A

' and 61-61' (fig. 46). 
D

etailed infor 
m

ation on the altitude of the bedrock surface in the 
vicinity of L

afayette, Ind. near the com
plex coales 

cence of bedrock valleys w
as verified w

ith infor 
m

ation from
 B

runs and others (1985). O
ther bedrock 

elevations not specifically in the area of bedrock- 
valley convergence w

ere verified w
ith inform

ation 
from

 G
ray (1982),

M
iddle W

abash R
iver B

asin 
87
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T
he oldest rocks show

n in the subsurface in 
this report are shales of the O

rdovician M
aquoketa 

G
roup. 

T
he M

aquoketa G
roup is principally a shale 

unit that is slightly greater than 200 ft thick in north 
w

estern Indiana (Shaver and others, 1986, p. 88). 
O

nly the upper 150 ft of the M
aquoketa is show

n in 
the subsurface of section 6G

-6G
' (fig. 46).

O
verlying O

rdovician rocks is a sequence of 
Silurian and D

evonian carbonate rocks. 
T

he entire 
thickness of these carbonate rocks is show

n in the 
subsurface only in section 6G

-6G
' (fig. 46) in w

hich 
the thickness is 375 ft. 

T
he dom

inant unit in the 
Silurian and D

evonian sequence is the W
abash 

Form
ation, w

hich, in the vicinity of the M
iddle 

W
abash R

iver basin, is greater than 250 ft thick 
(Shaver and others, 1986, p. 164). 

O
ther carbonate 

rocks that m
ake up the Silurian and D

evonian 
sequence include the Sexton C

reek L
im

estone, the 
Salam

onie D
olom

ite, and dolom
ites and lim

estones 
of the M

uscatatuck G
roup (Shaver and others, 1986). 

A
lthough not show

n on the hydrogeologic sections, 
tw

o test w
ells and one industrial w

ater-supply w
ell 

along sections 6B
-6B

' and 61-61' (fig. 46) penetrated 
the entire thickness of Silurian and D

evonian carbon 
ate rocks. 

O
verlying the carbonate rock sequence is 

the N
ew

 A
lbany Shale (D

evonian and M
ississippian). 

T
he N

ew
 A

lbany Shale is a dark, carbon-rich shale 
that ranges in thickness from

 100 to 120 ft in the 
M

iddle W
abash R

iver basin (fig. 46).

M
ississippian rocks in the M

iddle W
abash 

R
iver basin are dom

inated by the B
orden G

roup. 
M

ost of the B
orden G

roup consists of siltstones, 
shales, fine sandstones, and discontinuous lim

estones 
(Shaver and others, 1986, p. 18). 

W
here the entire 

thickness of the B
orden G

roup has been interpreted 
in the subsurface of the M

iddle W
abash R

iver basin, 
it is approxim

ately 660 ft thick (section 6A
-6A

', 
fig. 46).In the northern part of the basin, the B

orden 
G

roup is overlain unconform
ably by clastic rocks of 

the Pennsylvanian M
ansfield Form

ation (fig. 44) 
(G

ray and others, 1987). 
In the southeastern part of 

the basin, how
ever, the B

orden G
roup is overlain by 

truncated M
ississippian carbonate rocks of the

Sanders and B
lue R

iver G
roups. 

T
he Sanders G

roup 
is m

ade up of a variety of carbonate rocks, including 
fine-grained dolom

ites and fossiliferous lim
estones 

(Shaver and others, 1986, p. 137). 
T

he B
lue R

iver 
G

roup is com
posed largely of carbonate rocks 

(Shaver and others, 1986, p. 16). 
T

he m
axim

um
 

com
bined thickness of the Sanders and B

lue R
iver 

G
roups in the M

iddle W
abash R

iver basin is approxi 
m

ately 250 ft (section 6D
-6D

', fig. 46).

C
lastic rocks of the basal Pennsylvanian 

R
accoon C

reek G
roup overlie M

ississippian carbon 
ate rocks in the south-central part of the basin and 
overlie B

orden G
roup rocks in the northern part of 

the basin (fig. 44) (G
ray and others, 1987). 

T
he 

R
accoon C

reek G
roup is dom

inated by shales and 
sandstones, but it includes coals and m

inor lim
e 

stones (Shaver and others, 1986, pp. 
120-121). 

M
uch variability in the thickness of basal Pennsyl 

vanian rocks is due to thick rock sequences in pre- 
Pennsylvanian valleys and thin rock sequences on top 
of pre-Pennsylvanian highlands (G

ray, 1979, 
p. 13-14). 

T
he basal M

ansfield Form
ation, ranging 

from
 50 to 300 ft thick, is dom

inated by sandstones 
and contains coarse sands and conglom

erates at its 
base (Shaver and others, 1986, p. 86). 

T
hick M

ans 
field sandstones are interpreted along section 6D

-6D
' 

(fig. 46) in R
. 6 and 7 W

. 
Sim

ilar thicknesses of the 
M

ansfield Form
ation w

ere docum
ented for the sam

e 
area by H

utchison (1976, pi. 4). 
T

he M
ansfield 

Form
ation is overlain by the B

razil and Staunton 
Form

ations of the R
accoon C

reek G
roup.

C
lastic rocks of the C

arbondale and 
M

cL
eansboro G

roups overlie the R
accoon C

reek 
G

roup (fig. 44). 
T

he C
arbondale G

roup, w
hich is 

dom
inated by shales and sandstones and w

hich 
contains four econom

ically significant coals, consists 
of the L

inton, Petersburg, and D
ugger Form

ations 
(Shaver and others, 1986, p. 27). 

T
he only form

ation 
of the M

cL
eansboro G

roup in the subsurface in the 
M

iddle W
abash R

iver basin is the Shelburn 
Form

ation, w
hich consists m

ainly of shale, siltstone, 
and sandstone and is less than 175 ft thick.

T
he m

axim
um

 thickness of Pennsylvanian 
rocks interpreted in the M

iddle W
abash R

iver basin

is approxim
ately 750 ft (sections 6C

-6C
' and 

6D
-6D

', fig. 46).

U
nconsolidated D

eposits

T
he entire M

iddle W
abash R

iver basin w
as 

glaciated during the Pleistocene, and unconsolidated 
m

aterials at the surface are dom
inated by deposits of 

the W
isconsinan glaciation. 

T
he southern extent of 

W
isconsinan glaciation in the basin is in V

igo and 
Parke C

ounties (fig. 43). 
T

otal thickness of uncon 
solidated deposits ranges from

 zero at bedrock 
exposures along tributary valleys to greater than 
350 ft in buried valleys near L

afayette (fig. 45). 
B

leuer (1989, 1991) exam
ined the stratigraphy of 

bedrock-valley fill and geom
orphic characteristics of 

the buried valleys to define the developm
ental history 

of the valley system
.

N
orth of the W

isconsinan glacial boundary, 
surficial deposits are dom

inated by loam
y tills of the 

T
rafalgar and W

edron Form
ations (G

ray, 1989). 
A

t 
least three m

ain W
isconsinan till deposits have been 

docum
ented in a single exposure north of W

illiam
- 

sport, Ind. (fig. 42) (B
leuer, 1975). 

Sands and 
gravels deposited during W

isconsinan glaciation as 
outw

ash and stratified drift also are com
m

on. 
Sands 

and gravels, both at the surface and in the subsurface, 
are m

ost extensive in the northern part of the basin 
and in bedrock valleys. 

M
any large bodies of sand 

and gravel in the subsurface that are confined by tills 
and other nonaquifer m

aterial are correlative for 
lengths as m

uch as 18 m
i. 

Som
e basal sands and 

gravels at the bedrock surface and separated from
 

overlying sands, as w
ell as som

e basal sands in 
bedrock valleys are certainly of a pre-W

isconsinan 
origin. 

Surficial sand and gravel in recent river 
valleys m

ay extend throughout the length of the 
basin.South of the W

isconsinan glacial boundary, 
pre-W

isconsinan loam
y tills of the Jessup and 

G
lasford Form

ations are present at the land surface 
(G

ray, 1989). 
Som

e pre-W
isconsinan lake silts and 

clays are at the surface southw
est of R

osedale 
(fig. 42).

H
olocene alluvium

 and colluvium
 are found in 

valleys of the W
abash R

iver and its tributaries 
throughout the basin. 

Scattered loess (w
ind-blow

n 
silt) and dune-sand deposits are present in the central 
and southern parts of the basin. 

M
ost of these 

m
aterials w

ere derived from
 outw

ash in the W
abash 

V
alley and are concentrated along the eastern m

argin 
and to the east of the valley.

Som
e Pleistocene sands and gravels have been 

cem
ented by calcium

 carbonate to form
 lithified 

sandstones and conglom
erates interbedded w

ith 
unconsolidated deposits (R

osenshein, 1955). 
T

hese 
deposits are associated w

ith the W
abash R

iver and 
W

ildcat C
reek drainage basins and can be seen in 

outcrop overlying gray clays.

A
quifer Types

N
ine hydrogeologic sections w

ith a total length 
of 347 m

i w
ere constructed to describe aquifer types 

in the M
iddle W

abash R
iver basin. 

Individual 
sections range in length from

 16 to 67 m
i. 

In total, 
470 w

ell records w
ere used and the average density 

of plotted w
ells is 1.4 w

ells per m
ile. 

Sections 
6A

-6A
' and 6B

-6B
' (fig. 46) are oriented south- 

north w
ith a spacing of approxim

ately 24 m
i, and 

sections 6C
-6C

' to 61-61' (fig. 46) trend w
est-east 

w
ith a spacing of 12 m

i (fig. 42). 
T

he location and 
orientation of all the section lines provide coverage 
approxim

ately perpendicular to each of the tw
o m

ajor 
drainage directions of the W

abash and tributary 
rivers.A

t least seven aquifer types are present in the 
M

iddle W
abash R

iver basin: 
surficial sand and 

gravel; buried sand and gravel; discontinuous buried 
sand and gravel; com

plexly interbedded sandstone, 
shale, lim

estone, and coal; sandstone; M
ississippian 

and Silurian-D
evonian carbonate rocks; and an upper 

w
eathered-bedrock zone. 

Physical characteristics 
and som

e com
m

on or stratigraphic nam
es for each 

aquifer type are listed in table 8. 
T

he areal distri 
bution of these aquifers is show

n in figure 47.
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U
nconsolidated A

quifers

T
he m

ost significant aquifer system
s in the 

M
iddle W

abash R
iver basin consist of unconsoli- 

dated surficial and buried sand and gravel that origi 
nated as outw

ash and alluvial valley fill and typically 
are found in both recent and relict river valleys. 
Som

e large areas of buried sand and gravel are not 
associated w

ith bedrock valleys and m
ost likely 

originated as ice-m
arginal stratified drift. 

D
iscon 

tinuous buried sand and gravel is present in large 
areas throughout the basin. 

T
he surficial and buried 

sands and gravels are extensive in their distribu 
tions. 

Surficial sand and gravel is found w
ithin 10 ft 

of land surface, w
hereas buried sand and gravel is 

covered by m
ore than 10 ft of nonaquifer m

aterial.

Surficial sand and gravel aquifers can be seen 
in sections 6A

-6A
' and 6C

-6C
' to 61-61' (fig. 46). In 

all cases, the surficial aquifer is w
ithin and along the 

valley of the W
abash R

iver and its tributaries. 
Surficial sand and gravel aquifers range from

 10 to 
150 ft in thickness, but, are com

m
only 80 to 120 ft 

thick. 
In places w

here an entire valley is filled from
 

bedrock to land surface w
ith sand and gravel 

(sections 6C
-6C

' to 6F
-6F

', fig. 46), that system
 is 

called a surficial aquifer. 
T

hat entire thickness of 
perm

eable m
aterials m

ay not represent a single 
depositional unit, but because of the absence of inter- 
layered, nonaquifer m

aterial, it functions as a single 
hydrogeologic unit.

B
uried sand and gravel is found in various 

places throughout the basin, but it is m
ost com

m
on in 

bedrock valleys (fig. 46). T
he m

ost extensive buried 
sand and gravel is in the buried L

afayette B
edrock 

V
alley System

. 
T

he valley is m
apped in figure 47 as 

"buried bedrock valley aquifer". 
Section 61-61' 

(fig. 46) roughly coincides w
ith the m

ain axis of the 
bedrock valley w

here it exits the basin and enters 
Illinois. 

T
he bedrock knobs show

n in the bedrock 
valley are a function of the 2-m

ile w
idth of the hydro- 

geologic section and are actually bedrock highs on 
the interfluves betw

een adjacent tributary bedrock 
valleys. 

M
ore than 200 ft of buried sand and gravel 

are found in this part of the L
afayette B

edrock V
alley 

System
.

Som
e buried sand and gravel that does not 

appear to be basal fill in bedrock valleys can be seen 
along section 6B

-6B
' (fig. 46), in R

. 4 W
. of section 

6F
-6F

' (fig. 46), and in several areas along section 
6G

-6G
' (fig. 46). 

In som
e places, m

ultiple zones of 
buried sand and gravel are separated by nonaquifer 
m

aterial and are therefore stratigraphically and 
hydraulically distinct (sections 6A

-6A
', 6H

-6H
', and 

61-61', fig. 46). B
uried sands and gravels that are not 

necessarily valley-fill deposits are large-scale intertill 
sands and gravels, outw

ash-fan deposits and ice- 
contact stratified drift w

ithin W
isconsinan and pre- 

W
isconsinan sedim

ent sequences (G
ray, 1989).

Potential w
ell yields from

 the surficial sand 
and gravel range from

 300 to 2,700 gal/m
in (B

echert 
andH

eckard, 1966; C
able and others, 1971), w

hereas 
pum

ping rates noted on w
ell logs that w

ere used to 
construct sections range from

 10 to 781 gal/m
in 

(table 8). 
B

uried sand and gravel has a slightly low
er 

expected range of yields, from
 25 to 1,500 gal/m

in 
(C

able and others, 1971; N
ym

an and Pettijohn, 
1971); yet, som

e high pum
ping rates from

 buried 
sand and gravels that are noted on w

ell logs exceed 
pum

ping rates from
 the surficial sands. 

It is likely 
that the full production potential of the surficial and 
buried sand and gravel aquifers have not been 
realized in m

any cases and that each aquifer type is 
capable of significant yields.

T
he natural discharge points for the surficial 

sands and gravels are adjoining stream
s, such as the 

W
abash R

iver (Pohlm
ann, 1986). 

M
uch ground- 

w
ater flow

 in the thick sand and gravel sequences is 
lateral flow

 (M
aarouf and M

elhorn, 1975, p. 74; 
Pohlm

ann, 1986, p. 138) that follow
s regional flow

 
paths. 

In som
e cases, natural discharge to buried 

sand and gravel and w
ell pum

page m
ay locally 

induce flow
 in the surficial sand and gravel aw

ay 
from

 the W
abash R

iver and tributaries.

R
echarge to surficial sands and gravels m

ay 
range from

 6.4 in/yr (M
aarouf and M

elhorn, 1975, 
p. 73) to 10.0 in/yr (Pohlm

ann, 1986, p. 138), 
w

hereas recharge to sands and gravels buried under 
low

-perm
eability nonaquifer m

aterial m
ay be less 

than 2 in/yr (Pohlm
ann, 1986, p. 138).

D
iscontinuous buried sand and gravel is 

another ground-w
ater resource w

ithin the unconsoli- 
dated deposits. 

E
xam

ples of this aquifer type can be 
seen in virtually every hydrogeologic section; 
how

ever, it is a significant source of w
ater only in 

areas show
n on sections 6A

-6A
', 6B

-6B
', 6F

-6F
', 

6G
-6G

', and 6H
-6H

' (fig. 46). 
T

he occurrence of 
discontinuous buried sand and gravel is sim

ilar to 
that of buried sand and gravel that is not related to 
bedrock valleys; how

ever, it tends to be thinner and 
of sm

aller areal extent. 
D

iscontinuous stringers of 
sand and gravel are ubiquitous, in as m

uch as alm
ost 

80 percent of the exam
ined w

ell logs note som
e 

discontinuous sand and gravel in the unconsolidated 
sedim

ents. 
T

he sand and gravel deposits are 5 to 
55 ft thick and are an im

portant source of w
ater for 

dom
estic needs. E

xpected yields from
 discontinuous 

buried sand and gravel range from
 5 to 300 gal/m

in 
(B

echert and H
eckard, 1966; N

ym
an and Pettijohn, 

1971), w
hereas reported pum

ping rates noted on w
ell 

logs range from
 2 to 320 gal/m

in (table 8). 
T

he 
actual productivity of an individual w

ell screened in a 
discontinuous buried sand and gravel aquifer is a 
function of the thickness of that unit, the storage 
characteristics (storativity), the hydraulic conduc 
tivity of the confining nonaquifer m

aterial, and the 
interconnection of the aquifer w

ith other w
ater 

bearing sand and gravel bodies.

M
ost buried sand and gravel aquifers, both 

continuous and discontinuous, are artesian; that is, 
w

ater levels in w
ells that are screened in buried sand 

and gravel are typically higher than the top of the 
perm

eable unit. 
O

ne large buried sand and gravel 
unit that underlies the eastern part of R

. 2 W
. in 

section 6G
-6G

'(fig. 46) is penetrated by four w
ells, 

three of w
hich are flow

ing w
ells. 

B
uried sand and 

gravel deposits that are under artesian pressures w
ill, 

in som
e cases, serve as sources of recharge for nearby 

unconsolidated aquifers, confining units, and bedrock 
units.

In general, discontinuous and continuous 
buried sands and gravels that are confined above and 
below

 by tills and other nonaquifer m
aterial have 

higher hydraulic heads than basal sands and shallow

bedrock. 
T

hese observations suggest that over m
ost 

of the basin, som
e vertical ground-w

ater flow
 is 

dow
nw

ard through the glacial cover, into shallow
 

bedrock. 
In som

e areas how
ever, m

ost com
m

only 
near the W

abash R
iver and m

ajor tributaries such as 
Sugar C

reek, w
ater levels in bedrock w

ells are higher 
than those in the overlying drift, and suggest verti 
cally upw

ard ground-w
ater flow

.

O
ther generalizations can be m

ade regarding 
the overall distribution of sand and gravel aquifer 
m

aterial in unconsolidated sedim
ents in the M

iddle 
W

abash R
iver basin. 

Sands and gravels, w
hether 

they are surficial or buried, are m
ost extensive in 

thick drift sequences (fig. 45). 
T

hick drift is m
ost 

com
m

on along buried bedrock valleys, the present 
valley of the W

abash R
iver, and north of the W

iscon 
sinan glacial boundary in the T

ipton T
ill Plain 

(fig. 43). T
he overall lack of sand and gravel aquifers 

in the southern part of the basin and aw
ay from

 
bedrock and river valleys can best be seen along 
sections 6A

-6A
' and 6E

-6E
' (fig. 46).

B
edrock A

quifers

A
t least four distinct aquifer types have been 

defined in different bedrock units w
ithin the M

iddle 
W

abash R
iver basin. 

T
hese bedrock aquifers include 

com
plexly interbedded sandstones, shales, lim

e 
stones, and coals; sandstone; M

ississippian and 
Silurian-D

evonian carbonate rocks; and an upper 
w

eathered zone in low
 perm

eability rocks (table 8). 
B

ecause the bedrock surface and the M
ississippian- 

Pennsylvanian unconform
ity truncate bedrock units 

of different ages (fig. 44), not all bedrock aquifers are 
laterally continuous. 

M
oreover, aquifers in the upper 

w
eathered bedrock and, in som

e cases, in the 
com

plexly interbedded Pennsylvanian bedrock, are 
not present throughout the stratigraphic unit but 
sim

ply represent w
ater-bearing horizons w

ithin these 
units (table 8). W

here an aquifer does not include the 
entire stratigraphic unit, the interpretations of the 
basal or lateral boundaries of the aquifer are based on 
w

ell-com
pletion depths and locations of lithologic 

change.
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' to 61-61' of the M
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iver basin.
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H
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6

A
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iddle 
W
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C
om

plexly interbedded Pennsylvanian rocks, 
consisting dom

inantly of sandstones, siltstones, 
shales, and coals, are used as an aquifer only in the 
southern and w

estern part of the basin (fig. 47). T
his 

aquifer system
, show

n in sections 6C
-6C

' to 6H
-6H

' 
(fig. 46), is characterized by thick sequences of irreg 
ularly alternating clastic lithologies and coal. 

L
im

e 
stones are reported w

ithin the Pennsylvanian rocks, 
but they are m

inor. 
In several locations (sections 

6C
-6C

' and 6D
-6D

', fig. 46), m
ajor coals w

ere 
identifiable in the subsurface w

ith the aid of pub 
lished coal m

aps (Pow
ell, 1968; H

utchison, 1961; 
W

ier, 1952). T
he coals are im

portant as stratigraphic 
m

arkers; in addition, they m
ay influence w

ater 
chem

istry (Sm
ith and K

rothe, 1983, p. 24), and they 
can be the dom

inant source of w
ater for som

e 
uncased w

ells that are open to the entire com
plexly 

interbedded sequence (B
anaszak, 1980).

In alm
ost all cases w

here w
ells tap the com

 
plexly interbedded aquifer, it is im

possible to deter 
m

ine the exact source of w
ater. W

ells are com
m

only 
drilled several hundred feet into the bedrock and left 
uncased for the entire thickness of rocks penetrated. 
T

he interpreted thickness of the com
plexly inter 

bedded aquifer ranges from
 30 to 375 ft; how

ever, 
those estim

ates are based on w
ell penetrations and 

could be m
odified w

ith additional data (table 8).

W
E
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E
xpected yields from

 these Pennsylvanian 
interbedded bedrock units range from

 3 to 70 gal/m
in 

(C
able and others, 1971; N

ym
an and Pettijohn, 

1971); how
ever reported pum

ping rates range from
 

0.1 to 35 gal/m
in (table 8). 

Sm
ith and K

rothe 
(1983) suggest that coal units in V

igo and C
lay 

C
ounties have higher transm

issivities and specific 
capacities than other w

ater-bearing units in the sam
e 

lithostratigraphic sequence. 
D

raw
dow

n during 
pum

ping at m
ost w

ells open through the com
plexly 

interbedded bedrock is large (as m
uch as a few

 
hundred feet).

In several locations, individual lithologies 
w

ere interpreted w
ithin the Pennsylvanian rocks. 

Shale and sandstone units are defined w
ithin the 

interbedded sequence, and are best represented in 
R

. 7 W
. and R

. 8 W
. along sections 6E

-6E
' and 

6F
-6F

' (fig. 46). 
O

ne w
ell that penetrated a thick

shale unit w
as noted as a dry hole. Som

e sandstone 
units can provide a supply of w

ater and are dis 
cussed as a separate aquifer.

M
any surface and underground coal m

ines 
have been developed in the coal-bearing, com

plexly 
interbedded strata of southw

estern Indiana. 
M

ining-related activities have affected the hydro- 
geology of the com

plexly interbedded aquifer and 
adjacent aquifers. B

anaszak (1980. p. 240) suggests 
that cast overburden piles have significant w

ater- 
storage capability and can increase the am

ount of 
infiltration and recharge to underlying coal aquifers. 
H

ow
ever, overburden piles that provide recharge to 

underlying aquifers can be detrim
ental to w

ater 
quality. 

T
here also are abandoned coal-m

ine shafts 
and room

s in the subsurface of the coal-m
ining 

region. M
any w

ater w
ells drilled along sections 

6C
-6C

', 6D
-6D

', and 6E
-6E

' intercepted open

C
O

N
N

E
C

T
S

 W
ITH

 8
J
-8

J
'

m
ine room

s at various depths. 
In at least one 

location, w
ater from

 saturated rocks above an open 
m

ine w
as discharged into the open room

 as soon as 
it w

as encountered.

T
he sandstones defined as a distinct aquifer in 

the M
iddle W

abash R
iver basin are generally basal 

Pennsylvanian rocks of the M
ansfield Form

ation. 
M

ost of these sandstones im
m

ediately overlie the 
M

ississippian-Pennsylvanian unconform
ity and are 

depicted in sections 6D
-6D

', 6E
-6E

', and 6G
-6G

' 
(fig. 46). 

Sm
aller sandstone units are noted above 

the unconform
ity in sections 6C

-6C
', 6D

-6D
', 

6E
-6E

', and 6F
-6F

' (fig. 46). 
B

asal sandstones, 
m

any of w
hich contain conglom

erates near their 
bases, typically fill "valleys" in the M

ississippian- 
Pennsylvanian unconform

ity and originated as 
channel-fill and fluvial sands (section 6E

-6E
', 

fig. 46).
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T
he thickness of the sandstone aquifer w

as 
interpreted from

 the depth of w
ell penetrations and 

ranges from
 30 to 250 ft (table 8). The sandstones 

are laterally discontinuous and bounded on all sides 
by rocks of different lithology and(or) the underlying 
unconform

ity.

E
xpected w

ell yields for Pennsylvanian sand 
stones range from

 8 to 75 gal/m
in (C

able and others, 
1971; A

rihood and M
ackenzie, 1983) and reported 

pum
ping rates range from

 I to 40 gal/m
in (table 8).

R
echarge to the sandstone and the com

plexly 
interbedded aquifers is from

 precipitation on outcrop 
areas and dow

nw
ard percolation through overlying 

unconsolidated m
aterial (C

able and others, 1971, 
p. 5; A

rihood and M
ackenzie, 1983, p. 54). R

echarge 
to the M

ansfield Form
ation in the vicinity of T

erre 
H

aute w
as estim

ated on the basis of several assum
p 

tions and a sim
ple w

ater balance equation to be 
1.64 in/yr (T

hom
as, 1980, p. 29).

M
ost of the sandstones rest on an erosional 

surface form
ed prior to and during the deposition of 

M
ansfield sands; therefore, it is likely that the basal 

sandstones and conglom
erates have a good hydraulic 

connection w
ith the underlying M

ississippian lim
e 

stones. T
he erosional surface represents a period of 

w
eathering that m

ost likely developed a zone of 
enhanced perm

eability at the surface of underlying 
carbonate rocks that is now

 in contact w
ith the 

overlying clastic rocks. 
Sufficient data are not avail 

able to determ
ine the degree or nature of the hydrau 

lic connection betw
een the sandstones and the lim

e 
stones, and w

hether w
ater is discharged from

 the 
lim

estones into the sandstones or vice versa.

The M
ississippian carbonate bedrock aquifer is 

com
posed of rocks of the M

ississippian B
lue R

iver 
and Sanders G

roups. 
T

hese carbonate rocks are 
truncated by the M

ississippian-Pennsylvanian uncon 
form

ity and are found only in the southeastern and

south-central part of the basin (fig. 47). R
ocks of the 

B
lue R

iver and Sanders G
roups are seen on sections 

6A
-6A

' and 6D
-6D

' to 6F
-6F

' (fig. 46). 
T

he only 
know

n usage of these carbonate rocks as an aquifer, 
how

ever, is in areas show
n on sections 6A

-6A
' and 

6E
-6E

'. 
T

he carbonate rocks in these areas are 25 to 
225 ft thick.

E
xpected yields for the M

ississippian car 
bonate bedrock aquifer range from

 5 to 60 gal/m
in 

(B
echert and H

eckard, 1966; C
able and R

obison, 
1974); reported pum

ping rates range from
 1 to 

30 gal/m
in (table 8). T

he w
ater-producing character 

istics of these carbonate rocks are highly variable, 
w

ith som
e dry holes occurring in the M

ississippian 
carbonate rocks (see section 6E

-6E
', fig. 46).

In general, w
ell yields and perm

eability in 
carbonate bedrock aquifers can be highly variable 
(Siddiqui and Parizek, 1971; L

attm
an and Parizek, 

1964). V
ariable yields result from

 an uneven distri

bution of perm
eability that develops from

 prefer 
ential dissolution of carbonate along fractures, joints, 
and bedding planes (L

egrand and Stringfield, 1971; 
W

hite, 1969). 
Statistical analyses have indicated a 

direct relation betw
een w

ell locations on fractures 
and fracture traces and a higher productivity of the 
w

ell (Siddiqui and Parizek, 1971). C
learly, w

ells 
need to be in connection w

ith w
ater-bearing zones to 

m
axim

ize potential yields. In contrast, w
ells sited in 

nonfracture locations m
ay not provide sufficient 

ground w
ater for their intended use.

A
nother carbonate bedrock aquifer, the 

Silurian-D
evonian aquifer, is present in the M

iddle 
W

abash R
iver basin and show

n in sections 6A
-6A

', 
6B

-6B
', and 6F

-6F
' to 61-61' (fig. 46). T

he Silurian- 
D

evonian carbonate bedrock aquifer is an im
portant 

aquifer in the State; how
ever, only three w

ells used to 
construct the sections in the M

iddle W
abash R

iver 
basin w

ere identified as producing w
ater from

 the

M
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aquifer (tw
o dom

estic w
ells in section 6G

-6G
' and 

one industrial w
ell in section 61-61'). T

he aquifer is 
not significant in the basin because of its consid 
erable depth, the presence of highly m

ineralized 
w

ater at depth, and the availability of w
ater from

 
shallow

er bedrock aquifers and overlying sand and 
gravel. 

C
haracteristics of the aquifer are listed in 

table 8. 
D

etailed inform
ation on the Silurian- 

D
evonian carbonate bedrock aquifer is provided in 

the sections on the L
ake M

ichigan and K
ankakee 

R
iver basins in this report.

A
n upper w

eathered zone in low
-perm

eability 
bedrock is another significant bedrock aquifer in the 
M

iddle W
abash R

iver basin. 
T

he aquifer is 
prim

arily at and im
m

ediately below
 the bedrock

surface in M
ississippian B

orden G
roup rocks. 

T
he 

aquifer is significant only in areas underlain by 
typically nonaquifer bedrock (B

orden G
roup), 

how
ever, it is likely that som

e of the characteristics 
of the upper w

eathered-bedrock aquifer are present 
in all units at the bedrock surface. 

T
he upper 

w
eathered zone form

ed in the bedrock during 
various w

eathering processes before and during 
deposition of the overlying drift. 

T
he aquifer 

characteristics result from
 the enhanced perm

e 
ability in the w

eathered zone.

T
he upper w

eathered-bedrock aquifer is 
areally extensive (fig. 47), and is m

ost significant in 
the thick B

orden G
roup rocks show

n in sections 
6A

-6A
' and sections 6F

-6F
 to 6H

-6H
' (fig. 46).

Sm
all areas have also been inferred in section 61-61' 

(fig. 46). T
his aquifer, by its nature, is not restricted 

by lithologic boundaries. 
R

ather its existence is 
entirely a function of w

eathering at and below
 the 

bedrock surface. 
L

ithologic variations are show
n 

w
ithin the upper w

eathered-bedrock aquifer along 
sections 6A

-6A
', 6F

-6F
' and 6G

-6G
' (fig. 46) and 

produce spatial variability in hydraulic properties of 
the aquifer.

T
he true thickness of the upper w

eathered 
bedrock is unknow

n, but it has been inferred from
 

the total penetration of w
ells that use it as an 

aquifer. 
Suggested thicknesses of the upper 

w
eathered-bedrock aquifer range from

 25 to 175 ft

(table 8), but the true enhanced-perm
eability zone is 

m
ost likely lim

ited to approxim
ately the upper 50 ft.

E
xpected yields for B

orden G
roup rocks in 

the upper w
eathered zone range from

 1 to 
270 gal/m

in (C
able and R

obison, 1974; W
angsness 

and others, 1983) and up to 590 gal/rnin from
 

siltstones and shales (N
ym

an and Pettijohn, 1971, 
p. 61); how

ever, these yields are far greater than 
those noted on logs used to construct the sections. 
R

eported pum
ping rates for the upper w

eathered- 
bedrock aquifer range from

 2 to 150 gal/m
in (table 

8). 
Som

e of the variability in yields from
 this 

aquifer are attributable to the observed lithologic 
variations in the B

orden G
roup, the variability in
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degree of w
eathering and fracturing, and the hydro- 

geologic character of the overlying drift.

R
echarge to the upper w

eathered-bedrock 
aquifer is through the overlying drift. T

here is m
ost 

likely a good hydraulic connection betw
een rocks of 

the B
orden G

roup and basal sands and gravels in 
buried bedrock valleys and buried sand and gravels 
on som

e areas of bedrock uplands (sections 6A
-6A

' 
and 6G
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' to 6P
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ost of the B
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G

roup rocks underlying the L
afayette B

edrock 
V
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being an aquifer because no w

ells are com
pleted in it 

and because sufficient ground-w
ater resources are 

available in sand and gravel aquifers that overlie the 
bedrock.
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Table 8. 
C

haracteristics of aquifer types in the M
iddle W

abash R
iver basin

[<, less than; locations of aquifer types show
n in fig. 47]

A
quifer type

T
hickness
(feet)

R
ange of yield
(gallons per

m
inute)

R
eported

1 pum
p

rates (gallons
per m

inute)
C

om
m

on nam
e(s)

Surficial sand and gravel 
10-150 

B
uried sand and gravel 

10-225

D
iscontinuous sand and 

5- 55 
gravel

C
om

plexly interbedded 
530-375 

sandstone, shale, lim
e 

stone, and coal

Sandstone 
530-250 

C
arbonate bedrock

2'3300-2,700

3'425-1,500

2'45- 
300

3,4-3- 
70

3,6,

10- 
781 

5-1,012

2- 
320

0.1- 
35 

1- 
40

O
utw

ash, valley train 

V
alley fill 

Intertill sands

R
accoon C

reek 
G

roup, C
arbondale 

G
roup

M
ansfield Form

ation

M
ississippian 

Silurian-D
evonian

U
pper w

eathered 
bedrock

25-225 

520- 90

525-175

2'75- 

2<500

60

6J1- 
270

10- 

50-2-

30 

800

150

Sanders G
roup 

B
lue R

iver G
roup

W
abash Form

ation

B
orden G

roup

'R
eported pum

p rates refer to noted pum
p rates at the tim

e of w
ell installation and m

ay not represent a "true" w
ell-yield. 

2B
echert and H

eckard, 1966. 
3C

able and others, 1971. 
4N

ym
an and Pettijohn, 1971.

5R
eported thicknesses refer to observed and inferred perm

eable zones and m
ay not correlate w

ith specific form
ation 

thicknesses.
6A

rihood and M
ackenzie, 1983. 

7C
able and R

obison, 1974.

S
um

m
ary

G
round w

ater is available throughout the 
M

iddle W
abash R

iver basin from
 unconsolidated and 

bedrock deposits; how
ever, yields that tap these 

deposits differ greatly am
ong aquifer types. 

T
he 

m
ost productive aquifers and am

ong the m
ost exten 

sive are the thick sands and gravels w
ithin buried 

bedrock valleys and along present river courses. 
T

hese deposits currently yield 1,000 gal/m
in or m

ore 
to individual w

ells and are capable of yielding greater 
than 2,500 gal/m

in. D
iscontinuous sands and gravels 

are also im
portant and yield greater than 300 gal/m

in.

Perhaps the next m
ost im

portant aquifer, sim
ply 

because of its areal extent, is the upper w
eathered- 

bedrock aquifer. 
T

his aquifer supplies a large part of 
the dom

estic w
ater requirem

ent for the northern and 
eastern tw

o-thirds of the basin. 
Pum

ping rates for 
w

ells in the upper w
eathered bedrock are as high as 

150 gal/m
in. 

Sandstones and com
plexly interbedded 

sandstones, shales, lim
estones, and coals, of Pennsyl- 

vanian age, provide for the dom
estic w

ater needs in 
the southw

estern one-third of the basin and yield as 
m

uch as 75 gal/m
in. 

T
he M

ississippian carbonate 
bedrock aquifer is unpredictable because of perm

e 
ability differences com

m
on to carbonate rocks. 

D
ry

holes are noted in these rocks, w
hereas som

e w
ells 

yield as m
uch as 30 gal/m

in. 
A

lthough the Silurian- 
D

evonian carbonate bedrock aquifer is an im
portant 
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G
eneral D

escription

T
he L

ow
er W

abash R
iver basin incorporates 

the drainage basin of the W
abash R

iver betw
een 

H
oney C

reek in V
igo C

ounty and the m
outh of the 

W
abash R

iver at the O
hio R

iver in Posey C
ounty 

(fig. 48). 
T

he basin has an area of 1,339 m
i2 

(H
oggatt, 1975) and includes m

ost of Sullivan and 
Posey C

ounties, plus parts of V
igo, G

reene, K
nox, 

G
ibson, and V

anderburgh C
ounties in southw

estern 
Indiana. T

he m
ajor cities and tow

ns in the basin are 
V

incennes, Sullivan, and Princeton.

P
revious S

tudies

T
he ground-w

ater resources of the counties in 
the L

ow
er W

abash R
iver basin w

ere described by 
H

arrell (1935). 
W

atkins and Jordan (1962, 1963) 
m

ade a prelim
inary evaluation of ground w

ater in 
Sullivan C

ounty and V
igo C

ounty. 
T

hey reported 
lithologic descriptions and published drillers' logs, 
w

ell-construction and aquifer inform
ation, and 

w
ater-quality analyses. 

C
able and others (1971) 

further described the hydrogeology of the principal 
aquifers in V

igo and C
lay C

ounties. 
T

hey m
apped

the bedrock geology and topography, the surficial 
geology, and the location and potentiom

etric 
surface of the m

ajor unconsolidated aquifers in the 
tw

o counties. 
C

able and R
obison (1973) described 

the hydrogeology of the principal aquifers of 
Sullivan C

ounty. 
R

obison (1977) reported on the 
ground-w

ater resources of Posey C
ounty. 

H
e 

described the sources and potential yield of the 
principal aquifers in the county and sum

m
arized the 

chem
ical quality of the ground w

ater. 
In addition, 

he m
apped the surficial geology and the bedrock 

topography of the county, as w
ell as the topography 

of the Inglefield Sandstone. 
C

able and W
olf (1977) 

reported on the ground-w
ater resources of V

ander 
burgh C

ounty. 
T

hey m
apped the areal extent, 

thickness, and surface topography of the Inglefield 
Sandstone aquifer in the B

ig C
reek w

atershed (fig. 
48). T

hey also reported production potential and 
salinities of ground w

ater from
 the m

ajor bedrock 
aquifers in the county.

Sm
ith and K

rothe (1983) evaluated the hydro- 
geology of the C

arbondale and R
accoon C

reek 
G

roups of the Pennsylvanian System
 in the northern 

part of the L
ow

er W
abash R

iver basin. T
hey 

reported transm
issivities and the chem

ical quality of 
the sandstone and coal aquifers, and they m

apped 
the potentiom

etric surface of the sandstone aquifers 
in the B

razil, Staunton, L
inton, and Petersburg 

Form
ations. 

G
lore (1970) and W

ier and others 
(1973) studied the aquifer potential of the M

iddle 
Pennsylvanian sandstones of the B

usseron C
reek 

w
atershed in Sullivan C

ounty. 
B

arnhart and 
M

iddlem
an (1990) studied the hydrogeology of 

G
ibson C

ounty. 
T

hey reported w
ell yields and 

thicknesses of the bedrock aquifer form
ations and of 

the unconsolidated aquifers. 
T

hey also m
apped the 

topography of certain sandstone form
ations and 

reported the results of w
ater-quality analyses. 

C
lark (1980) m

apped the potential yield of ground 
w

ater from
 properly constructed large-diam

eter 
w

ells.Shedlock (1980) m
apped the thickness, distri 

bution, and potentiom
etric surface of the glacial 

outw
ash aquifer in a 56-m

i2 area near V
incennes, 

Ind. 
M

any authors (W
ier, 1952a, 1952b, 1954;

Friedm
an. 1954; W

addell, 1954; W
ier and Pow

ell, 
1967; T

anner and others, 1981a, 1981b, 1981c; 
Sm

ith and K
rothe, 1983) have m

apped the thickness 
and structure of the m

ajor Pennsylvanian coal seam
s 

in southw
estern Indiana.

P
hysiography

T
he L

ow
er W

abash R
iver basin is part of the 

W
abash L

ow
land physiographic unit (M

alott, 1922, 
p. 102; Schneider, 1966, p. 48) w

hich is show
n in 

figures 2 and 49. T
he L

ow
er W

abash R
iver valley is 

a broad, flat glacial drainage channel that includes 
w

inding channels, a w
ide flood plain, and adjacent 

terrace levels. 
T

he valley floor ranges from
 3 to 

10 m
i in w

idth. 
L

ocal relief on the valley floor is 
typically less than 50 ft except for isolated hills 
(Fidlar, 1948, p. 10).

U
ndulating, rolling plains w

ith a thin cover of 
till, loess, and silt characterize the area east of the 
W

abash terraces. 
L

ocal relief is greater in the 
uplands of southern Posey C

ounty beyond the 
m

axim
um

 extent of glaciation (fig. 49). 
B

road, flat 
lake plains that form

 present day bottom
lands east 

of the terraces w
ere created during W

isconsinan 
tim

e w
hen tributary valleys becam

e ponded by the 
rapid aggradation of the valley floor (Fidlar, 1948, 
p. 102). 

In the surrounding uplands, bedrock ter 
races w

ere eroded on resistant lim
estones and 

shales.Steep bluffs rise from
 the W

abash V
alley 

flood plain near the tow
ns of M

erom
, V

incennes, 
and N

ew
 H

arm
ony, w

here the flood plain narrow
s. 

R
elief is 100 to 150 ft in these areas. 

Springs are 
com

m
on along the bluffs. 

Isolated rock islands are 
exposed in the W

abash R
iver flood plain. 

T
hese 

erosional rem
nants, or braided-valley cores, are 

loess-covered bedrock that has w
ithstood erosion. 

T
hese hills rise nearly 100 ft above the flood plain 

(Fidlar, 1948; T
hornbury, 1950).

S
urface-W

ater H
ydrology

T
he W

abash R
iver has been divided into three 

separate w
ater-m

anagem
ent basins encom

passing 
the upper, m

iddle, and low
er reaches (fig. 1). 

T
he 

W
abash R

iver drains an area of 32,910 m
i2, includ 

ing parts of Illinois and O
hio (H

oggatt, 1975, 
p. 174). 

T
he L

ow
er W

abash R
iver basin includes 

about 10 percent of the drainage area of the W
abash 

R
iver basin in Indiana (H

oggatt, 1975). 
A

 stream
- 

flow
 gaging station on the W

abash R
iver, located 

below
 the m

outh of the Patoka R
iver at drainage 

area 28,635 m
i2, has been in operation since 1927. 

D
uring the period of record, discharges at this 

station ranged from
 a daily m

ean discharge of 
1,650 ft3/s to an instantaneous m

axim
um

 of 
305,000 ft3/s, w

ith an average flow
 of 27,569 ft3/s 

(G
latfelter and others, 1989, p. 183). T

he average 
gradient of the W

abash R
iver in the L

ow
er W

abash 
R

iver basin is approxim
ately 0.7 ft/m

i (Fidlar, 1948, 
p. 7).

T
he m

ajor tributaries to the W
abash R

iver in 
the L

ow
er W

abash R
iver basin w

ith drainage areas 
greater than 50 m

i2 include Prairie C
reek, T

urm
an 

C
reek, B

usseron C
reek, M

aria C
reek, R

iver D
eshee, 

B
lack R

iver, and B
ig C

reek (fig. 48). T
he W

hite 
R

iver and the Patoka R
iver also drain into the 

W
abash R

iver in the L
ow

er W
abash R

iver basin; 
how

ever, these tw
o rivers are in separate w

ater- 
m

anagem
ent basins and are discussed in other 

sections of this report. 
T

he Patoka R
iver and the 

W
hite R

iver are m
ajor tributaries that contribute 

m
ore than 40 percent of the average flow

 in the 
W

abash R
iver.

G
eology

B
edrock D

eposits

Pennsylvanian rocks are at the bedrock surface 
throughout the L

ow
er W

abash R
iver basin (fig. 50) 

and are m
ore than 1,000 ft thick. 

A
 lithologic 

sequence of sandstone, shaly sandstone, shale, thin 
lim

estone, coal, and underclay com
prise the R

accoon 
C

reek, C
arbondale, and M

cL
eansboro G

roups of

Low
er W

abash R
iver B

asin 
101
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Pennsylvanian age (fig. 5; C
able and others, 1971). 

Stratigraphic units are extrem
ely difficult to trace in 

the subsurface because distinct lithologies of the 
clastic rock types are few

, and lateral facies changes 
can be abrupt. M

oreover, certain beds are discon 
tinuous or absent locally, sharp variations in thick 
ness occur over relatively short distances, and beds 
m

ay have been eroded or never deposited. 
Form

a 
tions of Pennsylvanian age are typically referenced 
w

ith respect to the thin beds of the m
ajor coal seam

s 
and lim

estones that are the only consistent, areally 
extensive layers in the lithologic sequence (H

arrell, 
1935; G

ray, 1979, p. 13).

Pennsylvanian bedrock exposed at the land 
surface or bedrock surface in the basin belong to the 
L

inton, Petersburg, and D
ugger Form

ations of the 
C

arbondale G
roup and to the Shelburn, Patoka, 

B
ond, and M

attoon Form
ations of the M

cL
eansboro 

G
roup. 

T
hese rocks overlie the M

ansfield, B
razil, 

and Staunton Form
ations of the E

arly Pennsylvanian 
R

accoon C
reek G

roup (fig. 5). 
T

hese Pennsylvanian 
rocks unconform

ably overlie older M
ississippian 

rocks (Shaver and others. 1986).

T
he R

accoon C
reek G

roup ranges in thickness 
from

 100 to 1,000 ft and is com
posed of 95 percent 

shale and sandstone, plus m
inor am

ounts of clay, 
coal, and lim

estone. 
Shale is m

ore com
m

on than the 
m

assive, fine-grained, crossbedded sandstones. 
T

he 
M

ansfield Form
ation is 50 to 300 ft thick and is 

divided into tw
o general lithologies: 

a low
er sand 

stone, and an upper division of m
ostly shale and 

m
udstone. 

In the L
ow

er W
abash R

iver basin, the 
M

ansfield Form
ation is typically overlain by m

ore 
than 500 ft of rock. T

he B
razil Form

ation ranges in 
thickness from

 40 to 90 ft and includes the L
ow

er 
B

lock and U
pper B

lock C
oal M

em
bers (fig. 5). 

T
he 

Staunton Form
ation is 75 to 150 ft of sandstone, 

shale, and as m
any as eight coal beds, including the 

Seelyville C
oal M

em
ber (C

oal III). T
he Seelyville 

C
oal averages 6 ft in thickness in the northern coal 

fields and has a 4- to 6-ft-thick plastic underclay w
ith 

som
e shale (Shaver and others, 1986; M

urray, 1957, 
p. 26).

T
he C

arbondale G
roup ranges in thickness 

from
 260 to 470 ft and averages 300 ft. 

T
he group, 

w
hich is thickest in central Posey C

ounty, is 
com

posed prim
arily of variable shales and sand 

stones and includes som
e laterally extensive lim

e 
stone and coal beds. T

he L
inton Form

ation ranges in 
thickness from

 43 to 162 ft and averages 80 ft. 
L

ateral lithologic variations are com
m

on. 
The 

Petersburg Form
ation is 70 to 190 ft thick and 

includes the Springfield C
oal M

em
ber (C

oal V
) 

(fig. 50). T
he Springfield C

oal M
em

ber attains a 
m

axim
um

 thickness of 13 ft and is split in places by 
as m

uch as 65 ft of shale. T
his coal seam

 underlies as 
m

uch as 90 ft of gray, silty shale in the L
ow

er 
W

abash R
iver basin. 

T
he clay layer beneath the 

Springfield C
oal M

em
ber averages 2 to 5 ft in thick 

ness. 
T

he D
ugger Form

ation ranges in thickness 
from

 73 to 185 ft, and includes the D
anville C

oal 
M

em
ber (C

oal V
II) and the A

nvil R
ock Sandstone 

M
em

ber. T
he D

anville C
oal seam

 attains thicknesses 
of 6.5 ft in V

igo C
ounty, then thins to 0.2 ft tow

ard 
the south. T

he underclay associated w
ith the 

D
anville C

oal M
em

ber averages 4 to 6 ft in thickness 
(Shaver and others, 1986; M

urray, 1957, p. 26).

T
he M

cL
eansboro G

roup attains its m
axim

um
 

thickness of 770 ft in northern Posey C
ounty. 

T
he 

group is m
ade up of 90 percent shale and sandstone 

plus m
inor am

ounts of siltstone, lim
estone, clay, and 

coal. 
The Shelburn Form

ation ranges in thickness 
from

 50 to 250 ft and is com
posed prim

arily of shale, 
siltstone, and sandstone. This form

ation crops out in 
the L

ow
er W

abash R
iver basin from

 the O
hio R

iver 
in V

anderburgh and Posey C
ounties north through 

V
igo C

ounty. 
Included in the Shelburn Form

ation 
are the B

usseron Sandstone M
em

ber and the W
est 

Franklin L
im

estone M
em

ber (fig. 50). T
he B

usseron 
Sandstone M

em
ber rests unconform

ably on the 
D

anville C
oal M

em
ber. 

T
his sandstone is gray to 

tan, fine to m
edium

 grained, m
assive, and inter- 

bedded in places w
ith a gray shale. T

hickness ranges 
from

 48 to 77 ft in Sullivan C
ounty; the m

em
ber 

appears to be absent in m
any places w

ithin Posey 
C

ounty. 
T

he W
est Franklin L

im
estone M

em
ber 

consists of one to three lim
estone beds as m

uch as 
10 ft thick separated by as m

uch as 25 ft of shale.
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O
ne or m

ore of the beds m
ay not be present in parts 

of Posey and G
ibson C

ounties (Shaver and others, 
1986).T

he B
ond and M

attoon Form
ations are present 

only in the far w
estern part of the L

ow
er W

abash 
R

iver basin (fig. 50). 
T

he form
ations are prim

arily 
shale, siltstone, and sandstone. 

T
he B

ond Form
ation 

attains thicknesses of 250 ft in northw
estern Posey 

C
ounty. 

O
nly the upper 40 ft of the M

attoon For 
m

ation is present in W
estern Sullivan C

ounty, 
w

hereas the low
er 150 ft, including the M

erom
 

Sandstone M
em

ber is present in northw
estern Posey 

C
ounty (Shaver and others, 1986).

A
 pronounced structural feature of the region is 

the Illinois B
asin (fig. 4). 

T
he m

ajor stratigraphic 
units in the L

ow
er W

abash R
iver basin becom

e 
thinner w

ith distance from
 the center of the basin, 

w
hich is in southeastern Illinois. 

In the L
ow

er 
W

abash R
iver basin, the Pennsylvanian rocks 

generally dip to the w
est-southw

est at approxim
ately 

25 ft/m
i (G

ray, 1979, p. 3). 
In contrast to the topog 

raphy of the form
ations that are exposed at the land 

surface, the bedrock surface beneath the glacial drift 
is generally a gently rolling plain. 

V
alleys of the 

unglaciated areas are filled w
ith valley-train deposits 

or lake sedim
ents (C

able and R
obison, 1973; C

able 
and W

olf, 1977, p. 6).

Faults in the W
abash V

alley are another 
pronounced structural feature of the basin (fig. 50). 
Faults as m

uch as 30 m
i long, w

ith displacem
ents 

greater than 400 ft, have been identified (A
ult and 

Sullivan, 1982). 
T

hese post-Pennsylvanian faults are 
present as single planes and in zones of m

ultiple 
planes. 

T
he faults in the L

ow
er W

abash R
iver basin 

are confined to Posey and G
ibson C

ounties and trend 
north-northeastw

ard, parallel to faults in K
entucky 

and Illinois (A
ult and Sullivan, 1982, p. 7). 

E
leven 

distinct faults or fault system
s, w

ith displacem
ent 

betw
een 20 and 450 ft, have been m

apped and nam
ed 

by A
ult and Sullivan (1982, p. 12). 

Faults in the 
Inglefield Sandstone M

em
ber of Posey C

ounty have 
been m

apped by R
obison (1977, pi. 3) (see section 

7A
-7A

', fig. 52). 
Faulting in the Springfield C

oal

M
em

ber has been m
apped in northern Posey C

ounty 
by T

anner and others (1981b).

U
nconsolidated D

eposits

In the aggraded valleys of the W
abash R

iver 
and m

ajor tributaries, the prim
ary unconsolidated 

deposits consist of alluvium
 that overlies thick Pleis 

tocene valley-train sand and gravel deposits. 
T

he 
thickness of unconsolidated deposits in the L

ow
er 

W
abash R

iver basin is show
n in figure 51. 

T
hick 

nesses of sand and gravel as great as 150 ft have been 
m

easured adjacent to the W
abash R

iver (Fidlar, 
1948, pi. 3) and along B

usseron C
reek. 

In general, 
the sand and gravel deposits lie directly on the 
bedrock (Shedlock, 1980). 

T
hickness of unconsoli 

dated deposits decreases to 50 ft in m
inor tributary 

valleys and to less than 50 ft in the uplands (G
ray, 

1983). 
M

any oxbow
 lakes and abandoned m

eanders 
are present in the m

odern W
abash R

iver flood plain. 
Som

e of these depressions are filled w
ith gravel and 

silt carried by floodw
aters. 

Pre-W
isconsinan glacial 

drift of variable thickness covers the Pennsylvanian 
bedrock in the upland areas. L

oess and sand dunes as 
m

uch as 50 ft thick are scattered throughout the basin 
and cover the drift locally. 

Sand dunes have devel 
oped on terraces and lake plains along the edge of the 
W

abash R
iver valley and on som

e nearby uplands. 
T

he dunes are prim
arily in Sullivan and V

igo 
C

ounties (Fidlar, 1948, p. 91-95).

C
lay and silt beds w

ere deposited in the lake 
plains along m

any of the tributary valleys. 
D

uring 
W

isconsinan tim
e, lakes once covered m

uch of 
central and north-central Posey C

ounty and areas of 
Sullivan, G

ibson, and V
anderburgh C

ounties (Fidlar, 
1948, pi. 1). L

ake-silt deposits up to 150 ft have been 
m

easured in northern G
ibson C

ounty. 
M

any of the 
lake plains have been buried beneath younger w

ind 
blow

n sedim
ents (Fidlar, 1948, p. 48).

A
quifer Types

N
ine hydrogeologic sections (7A

-7A
' to 

71-71') w
ere produced for this atlas to depict aquifer 

types in the L
ow

er W
abash R

iver basin (fig. 52). 
A

ll

sections are oriented w
est to east, approxim

ately 
perpendicular to the W

abash R
iver (fig. 48). 

Section 
lines w

ere draw
n at about 12-m

i intervals, except in 
northern Sullivan C

ounty w
here section lines w

ere 
draw

n at 6-m
i intervals and in northern G

ibson 
C

ounty w
here there is a 20-m

i interval betw
een tw

o 
section lines. 

T
he average density of logged w

ells 
plotted along the section lines is 1.3 w

ells per m
ile.

T
he m

ajor aquifer type in the L
ow

er W
abash 

R
iver basin is the outw

ash and alluvial sand and 
gravel in the W

abash R
iver valley. 

T
hese thick sand 

and gravel deposits are relatively clean, w
ell sorted, 

and coarse grained. 
A

 secondary unconsolidated 
source of ground w

ater in the basin is the buried sand 
and gravel in tributary valleys. 

T
hese deposits are 

covered by m
ore than 10 ft of silt and clay. 

A
ddi 

tional unconsolidated ground-w
ater resources include 

sand and gravel lenses interbedded w
ith lake sedi 

m
ents and glacial till, and dune sands (C

able and 
others, 1971; C

able and R
obison, 1973; R

obison, 
1977; C

lark, 1980).

W
ells drilled into the Pennsylvanian bedrock 

are com
m

only finished in the intervals that contain 
sandstones at the base of individual form

ations. 
A

lthough these sandstones typically are the m
ajor 

sources of ground w
ater in the bedrock, w

ells com
 

m
only are open to layers of shale, lim

estone, sand 
stone, and coal. 

T
he presence of laterally thin and 

discontinuous deposits results in extrem
ely com

plex 
lithology and difficult aquifer definition in the basin. 
T

herefore, it is im
possible to delineate the exact 

source of the w
ater to m

ost w
ells. 

Y
ields of ground 

w
ater from

 the bedrock are rarely enough for any use 
other than dom

estic. 
T

hus, the im
portance of these 

bedrock aquifers lies not in their productivity but in 
their w

ide areal distribution. 
T

hey are com
m

only the 
sole source of freshw

ater in the interior of the L
ow

er 
W

abash R
iver basin.

T
he four aquifer types of the L

ow
er W

abash 
R

iver basin are sum
m

arized in table 9. 
T

he table 
includes range of thickness, range of reported yields, 
and com

m
on or geologic nam

es that previous authors 
have used to define the aquifers.

U
nconsolidated A

quifers

A
 surficial sand and gravel aquifer is present 

along the W
abash R

iver flood plain in the northern 
tw

o-thirds of the basin (fig. 53). 
A

lthough the 
surficial sand and gravel is depicted on the northern 
seven hydrogeologic sections, this aquifer is show

n 
m

ost extensively in sections 7D
-7D

' and 7F
-7F

' 
(fig. 52). 

Y
ields from

 w
ells located outside the 

W
abash R

iver valley are typically m
uch less than 

yields from
 the W

abash valley (table 9).

Sand dunes w
ere m

apped as surficial aquifer 
only w

here they are know
n to be producing w

ater, 
such as in section 7F

-7F
', R

. 9 W
. (fig. 52). 

D
une 

sands typically are thin deposits w
ith a highly fluctu 

ating w
ater table; thus, dune sands are relatively 

undependable as a source of w
ater. 

Instead of being 
used as aquifers, the dune sands in the L

ow
er 

W
abash R

iver basin com
m

only function as recharge 
areas for underlying aquifer m

aterial (G
ray, 1973).

B
uried sand and gravel aquifers generally are 

present in the southern one-third of the W
abash R

iver 
flood plain and in the valleys of the m

ajor tributaries 
to the W

abash R
iver. 

T
he buried sand and gravel in 

the W
abash R

iver valley (sections 7A
-7A

' to 
7C

-7C
', fig. 52) is connected to and of the sam

e 
origin as the surficial sand and gravel aquifer to the 
north. 

T
he gradational boundary betw

een the sur 
ficial and buried sand and gravel aquifers in the 
W

abash R
iver valley is the area w

here the outw
ash is 

buried by m
ore than 10 ft of nonaquifer alluvial 

m
aterial. In general, the aquifer is buried by about 10 

to 20 ft of alluvial sand, silt and clay m
aterial. 

B
uried sand and gravel aquifers also are present 

along B
usseron, Prairie, T

urm
an, M

aria, and B
ig 

C
reeks (fig. 53). 

T
he B

usseron C
reek and T

urm
an 

C
reek sand and gravel deposits are show

n in section 
7H

-7H
' (fig. 52). 

A
nother buried sand and gravel 

aquifer underlies low
-perm

eability clay and silt in the 
uplands near Poseyville (R

obison, 1977, pi. 1,2).

R
echarge to the unconsolidated aquifers 

typically occurs w
here precipitation infiltrates 

directly into the aquifer or through the overlying 
glacial or fine-grained alluvial m

aterial. 
S

hedlock (1980) estim
ated recharge rates to the 

outw
ash aquifer near V

incennes to be 12 in/yr.
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R
echarge from

 adjacent uplands and underlying bed 
rock is approxim

ately 3 in/yr or 25 percent of the 
total recharge. G

round w
ater in the unconsolidated 

aquifers naturally flow
s tow

ard the W
abash R

iver or 
its tributaries, w

here it discharges (C
able and others, 

1971;R
obison, 1977).

B
edrock A

quifers

T
he Inglefield Sandstone M

em
ber is the 

thickest and m
ost laterally extensive bedrock aquifer 

in V
anderburgh, Posey, and G

ibson C
ounties, as 

show
n in sections 7A

-7A
', 7B

-7B
', and 7C

-7C
' 

(fig. 52). The continuity of the sandstone aquifer is 
disrupted in section 7A

-7A
' (fig. 52) by the m

any 
faults in Posey C

ounty. The areal extent of the sand 
stone show

n on the aquifer m
ap (fig. 53) generally

follow
s the distribution of the Inglefield and 

B
usseron Sandstone M

em
bers (W

ier and G
irdley, 

1963; B
arnhart and M

iddlem
an, 1990). T

he W
est 

Franklin L
im

estone M
em

ber typically underlies the 
Inglefield Sandstone M

em
ber and is used as a source 

of fresh w
ater in places (see section IB

-IE
' in 

fig. 52). N
orm

ally, though, drillers com
plete w

ells in 
the m

ore productive sandstone and do not penetrate 
the lim

estone below
. The W

est Franklin Lim
estone 

M
em

ber is included w
ith the com

plexly interbedded 
aquifer show

n in figure 53. O
ther potential aquifers 

in V
anderburgh C

ounty include a sandstone in the 
U

pper D
ugger Form

ation w
hich grades into shale, 

and the C
oxville Sandstone M

em
ber, w

hich is too 
deep and saline for w

ater supply throughout m
uch of 

the basin (C
able and W

olf, 1977, p. 12-14). The 
thick, narrow

 channel sandstones (for exam
ple, the

A
nvil R

ock Sandstone M
em

ber) typically produce 
m

ore w
ater than the thin, broader sheet sandstones 

associated w
ith the com

plexly interbedded aquifer 
(C

able and others, 1971). Tw
o channel sandstones 

are depicted in section 7C
-7C

' in R
. 12 W

. and 
R. 11 W

. (fig. 52). O
ther less significant sandstones 

have been m
apped on m

ost of the sections. A
 few

 are 
laterally continuous, w

hereas m
any sandstones 

abruptly grade into shales, as show
n in section 71-71' 

(fig. 52).

A
quifers associated w

ith com
plexly inter 

bedded sandstone, shale, lim
estone, and coal are 

m
apped together w

here m
ost w

ells are open to the 
entire bedrock section below

 the unconsolidated 
m

aterial. G
enerally, the sandstones and coals are the 

prim
ary w

ater-producing units. C
oal seam

s can be

locally significant w
ater-producing zones only if an 

underclay is present beneath the coal and the coal is 
fractured (H

arrell, 1935, p. 76; B
anaszak, 1980; 

Sm
ith and K

rothe, 1983). The underclays are 
im

portant hydrologically as low
-perm

eability, sem
i- 

confining beds capable of perching ground w
ater in 

the coal seam
s and associated strata above. The 

approxim
ate location of three m

ajor coal seam
s has 

been show
n on the hydrogeologic sections. These 

coal seam
s are m

ost likely to function as aquifers, 
ow

ing to the presence of thick underclays. The 
com

plexly interbedded aquifer type is present 
throughout the entire basin (fig. 53); how

ever, along 
the W

abash R
iver valley in G

ibson C
ounty, it is 

buried too deeply to be of use. The com
plexly inter 

bedded aquifer m
aterial is best show

n in the northern 
sections (7G

-7G
', 7H

-7H
', and 71-71' in fig. 52).
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er W
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Table 9. 
C

haracteristics of aquifer types in the Low
er W

abash R
iver basin

[L
ocations of aquifer types show

n in fig. 53]

A
quifer type

T
hickness
(feet)

R
ange of yield
(gallons per

m
inute)

C
om

m
on nam

e(s)

Surficial sand
and ravel

B
uried sand and gravel

Sandstone

10-150

10-

20-

5065

'50-

235.

40.5- 2,700

30020

W
abash V

alley outw
ash,

valley train, and dune sand

Interbedded sand and
gravel lenses

Inglefield Sandstone M
em

ber2 ,3

C
om

plexly interbedded 
sandstone, shale, 
lim

estone, and coal

3'520- 
50

51- 
63

0- 
10

or Patoka aquifer4 or w
hite w

ater 
sand

60.1- 
15 

B
usseron Sandstone

M
em

ber1'3'5'6 or U
nite

1

68 - 
56 

C
oxville 4'6 or L

inton aquifer4

A
nvil R

ock 
, M

erom
 , and St. 

W
endel 

Sandstone M
em

bers

U
0.5- 

20 
D

anville (C
oal V

II),
Springfield (C

oal V
), and 

Seelyville (C
oal III) M

em
bers

W
est Franklin L

im
estone 

M
em

ber2 ; U
nits 2 and 38

and others, 1971. 
2R

obison, 1977.
3B

arnhart and M
iddlem

an, 1990. 
4C

able and W
olf, 1977. 

5G
lore, 1970. 

6W
ier and others, 1973. 

7H
opkins, 1958. 

8C
able and R

obison, 1973.

It is com
m

only im
possible to laterally cor 

relate a sandstone unit across a section or to know
 

w
hether a specific sandstone or other stratigraphic 

unit is saturated or w
ater-producing unless noted by 

the w
ell drillers. 

T
herefore, bedrock not indicated 

as "aquifer m
aterial" on the hydrogeologic sections 

im
plies that an abundance of low

-perm
eability shale 

or sandy shale is present. 
If no inform

ation w
as 

available to indicate w
hether the rocks are aquifer or 

nonaquifer m
aterial, then the area is show

n as 
"aquifer potential unknow

n" on the section. 
A

n 
exam

ple is the m
aterial depicted beneath the

sandstone aquifer in section 7A
-7A

' (fig. 52). A
ll 

of the com
plexly interbedded sandstone, shale, 

lim
estone, and coal w

as m
apped as "aq

u
ifer  

potential unknow
n" on figure 53 because of the 

difficulty in m
apping aquifer zones in the com

 
plexly interbedded bedrock w

here hydrogeologic 
properties can abruptly change.

T
he cem

entation of the sandstones lim
its their 

hydraulic conductivity; the confining nature of the 
overlying shales and the underclays lim

its the 
recharge to the sandstones. 

T
hese tw

o factors

contribute to the low
 yield from

 m
ost sandstone 

aquifers in the basin (G
lore, 1970, p. 34-35; W

ier 
and others, 1973, p. 301). 

O
n the other hand, the 

sandstones of the M
ansfield Form

ation at the 
M

ississippian-Pennsylvanian contact (fig. 5) are 
reported to be a source of w

ater, but they are too 
deep to be an econom

ically desirable source of 
freshw

ater in the L
ow

er W
abash R

iver basin 
(H

arrell, 1935; W
atkins and Jordan, 1963; C

able 
and others, 1971; C

able and R
obison, 1973; 

R
obison, 1977; B

anaszak, 1980; C
lark, 1980; Sm

ith 
and K

rothe, 1983; B
arnhart and M

iddlem
an, 1990).

T
he approxim

ate locations of the D
anville 

(C
oal V

II), Springfield (C
oal V

), and Seelyville 
(C

oal III) C
oal M

em
bers have been show

n on the 
hydrogeologic sections (fig. 52) on the basis of data 
from

 the drilling records and previous studies 
(W

ier, 1952a, 1952b; Friedm
an, 1954; W

addell, 
1954; W

ier and Pow
ell, 1967; T

anner and others, 
1981a, 1981b, 1981c). T

he coals are closer to the 
surface and are m

ore com
m

only used as sources of 
w

ater in the northern sections (7G
-7G

', 7H
-7H

', 
and 71-71' in fig. 52), w

here sandstones are absent 
or discontinuous, than in other parts of the basin. 
Sm

ith and K
rothe (1983) found that m

any of the 
coal seam

s have higher transm
issivities and specific 

capacities than the sandstones.

R
echarge to bedrock aquifers occurs pri 

m
arily near outcrop areas or indirectly through thin 

overlying unconsolidated deposits at a rate of a few
 

inches per year (R
.J. Shedlock, U

.S. G
eological 

Survey, w
ritten com

m
., 1982). 

T
he outcrop of the 

Inglefield Sandstone M
em

ber near the eastern 
boundary of the L

ow
er W

abash R
iver basin in 

V
anderburgh and G

ibson C
ounties (C

able and 
W

olf, 1977, p. 16; B
arnhart and M

iddlem
an, 1990, 

p. 6) could be a conduit for recharge to som
e of the 

coal seam
s (B

anaszak, 1980). 
G

round w
ater 

discharges from
 the Pennsylvanian sandstones near 

V
incennes by upw

ard flow
 into the glacial outw

ash; 
ground w

ater in the outw
ash discharges to the 

W
abash R

iver and its tributaries (Shedlock, 1980).

S
um

m
ary

T
he L

ow
er W

abash R
iver basin encom

passes
>~\

1,339 m
i 

of Sullivan, Posey, V
igo, G

reene, K
nox, 

G
ibson, and V

anderburgh C
ounties in southw

estern 
Indiana. 

T
he basin includes all w

est-flow
ing 

drainage into the W
abash R

iver from
 H

oney C
reek 

in V
igo C

ounty to the m
outh of the W

abash R
iver at 

the O
hio R

iver in Posey C
ounty, nearly 304 river 

m
iles.Four aquifer types w

ere delineated in the 
L

ow
er W

abash R
iver basin. 

T
he principal aquifer 

in the basin is the thick sand and gravel deposits in 
the W

abash R
iver valley. 

Y
ields of as m

uch as 
2,700 gal/m

in have been obtained from
 this aquifer, 

w
hich is 150 ft thick in places. T

he aquifer 
boundary generally follow

s the flood plain along the 
river and w

as m
apped as surficial sand and gravel in 

the northern part of the basin and buried sand and 
gravel in the southern part of the basin. 

L
ess pro 

ductive surficial aquifers are present in the valleys 
of B

usseron and B
ig C

reeks, the m
ajor tributaries to 

the W
abash R

iver w
ithin the basin.

Secondary aquifers are present in the buried 
sand and gravel deposits along m

inor tributary 
valleys and w

ithin upland lake deposits. 
In the 

uplands beyond the W
abash valley, sandstone 

aquifers provide w
ater for dom

estic purposes w
here 

sand and gravel sources are absent. T
hick sand 

stone aquifers are com
m

on in Posey and G
ibson 

C
ounties, but the presence of faults in this area 

m
akes determ

ination of the exact depth of the 
aquifer difficult. 

In m
any other areas w

ithin the 
interior of the basin, aquifers are lim

ited to the 
com

plexly interbedded layers of sandstone, shale, 
lim

estone, and coal. 
Production is slight and 

generally lim
ited to areas of fractures and joints, 

prim
arily in the sandstone and coal.

D
ischarge from

 surficial and buried sand and 
gravel aquifers in the basin is typically tow

ard the 
W

abash R
iver and its tributaries. 

R
egional dis 

charge from
 the bedrock aquifers appears to be 

upw
ard to the W

abash R
iver.
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G
eneral D

escription

T
he W

hite R
iver basin spans nearly the entire 

w
idth of south-central Indiana. T

he basin, as defined 
in this report, includes the areas from

 the headw
aters 

of the W
hite R

iver in R
andolph C

ounty to the con 
fluence w

ith the W
abash R

iver in K
nox C

ounty, but 
does not include the basin of the E

ast Fork W
hite 

R
iver (fig. 1). T

he W
hite R

iver basin encom
passes 

5,603 m
i 

in 27 counties and includes all or large 
parts of the follow

ing counties: B
oone, C

lay, D
avies, 

D
elaw

are, G
reene, H

am
ilton, H

endricks, K
nox, 

M
adison, M

arion, M
onroe, M

organ, O
w

en, Putnam
, 

R
andolph, and T

ipton. 
Principal cities w

ithin the 
basin are A

nderson, G
reencastle, Indianapolis, 

L
inton, M

artinsville, M
uncie, Spencer, W

ashington, 
and W

inchester (fig. 54).

Previous Studies

B
ecause a large proportion of Indiana's popu 

lation resides w
ithin the W

hite R
iver basin, m

any 
studies have been com

pleted on ground w
ater and 

characteristics of the aquifers that control ground-

w
ater availability. A

 series of reports by the U
.S. 

G
eological Survey describes the ground-w

ater 
resources of five counties w

ithin the northern part of 
the basin: M

adison (L
apham

, 1981), D
elaw

are 
(A

rihood and L
apham

, 1982), H
am

ilton and T
ipton 

(A
rihood, 1982), and R

andolph (L
apham

 and 
A

rihood, 1984). T
he authors of these studies 

exam
ined the hydrogeology of the W

hite R
iver basin 

w
ithin each respective county and m

odeled expected 
yields given a variety of pum

ping schem
es, geohy- 

drologic characteristics of the aquifers, and locations 
of induced recharge.

O
ther studies that focused on northern counties 

in the basin include reports on the hydrogeology of 
D

elaw
are C

ounty (H
oggatt and others, 1968), 

M
adison C

ounty (W
ayne, 1975), M

arion C
ounty 

(H
erring, 1976), and H

am
ilton C

ounty (G
illies, 

1976). 
T

he study by G
illies (1976) included 

m
odeling of an aquifer system

 adjacent to the W
hite 

R
iver near C

arm
el, Ind., and evaluation of the effects 

of continued and increased production from
 the 

aquifer. 
Studies of the outw

ash aquifer along the 
W

hite R
iver in M

arion C
ounty (M

eyer and others, 
1975; Sm

ith, 1983) focused on the characteristics of 
the aquifer and m

odeling of the hydrology and w
ater 

availability for Indianapolis. 
T

he outw
ash aquifer 

along the W
hite R

iver in Johnson and M
organ 

C
ounties w

as studied by B
ailey and Im

brigiotta 
(1982) to estim

ate the geom
etry and hydraulic 

characteristics of the aquifer and to establish the 
nature and extent of the hydraulic connection 
betw

een surface and subsurface hydrology. W
atkins 

(1965) appraised the ground-w
ater resources and 

effects of a proposed reservoir on the hydrology of 
the B

ig W
alnut C

reek w
atershed in parts of Putnam

, 
H

endricks, and B
oone C

ounties.

A
nother series of reports published by the 

Indiana D
epartm

ent of C
onservation, D

ivision of 
W

ater, in cooperation w
ith the U

.S. G
eological 

Survey, describes the ground-w
ater resources of a 

num
ber of southw

estern Indiana counties w
ithin the 

W
hite R

iver basin. Studies w
ere done in G

reene 
C

ounty (W
atkins and Jordan, 1961), C

lay C
ounty

(W
atkins and Jordan, 1962), and O

w
en C

ounty 
(W

atkins and Jordan, 1963); the authors published 
w

ell logs, delineated w
hich lithologies w

ere aquifers, 
and evaluated ground-w

ater availability. O
ther 

reports published by the Indiana D
epartm

ent of 
N

atural R
esources, D

ivision of W
ater, for C

lay and 
V

igo C
ounties (C

able and others, 1971) and G
reene 

and Sullivan C
ounties (C

able and R
obison, 1973) 

refined the w
ork done previously in those counties 

and expanded the research to include data on w
ater 

quality. A
 report by B

arnhart and M
iddlem

an (1990) 
detailed the hydrogeology and ground-w

ater quality 
of G

ibson C
ounty. 

A
 report by W

angsness and 
others (1981) sum

m
arized available hydrologic data 

for an area that includes the low
er half of the W

hite 
R

iver basin dow
nstream

 from
 G

osport, Ind. (fig. 54). 
T

he report includes surface-w
ater, ground-w

ater, and 
w

ater-quality inform
ation. A

 M
aster's thesis by 

T
hom

as (1980) detailed the aquifer potential and 
characteristics of the M

ansfield Form
ation w

ithin 
C

lay C
ounty.

A
 ground-w

ater study that describes the hydro- 
geology of the entire W

hite R
iver basin w

as done by 
N

ym
an and Pettijohn (1971). 

T
he report is a brief 

description of the im
portant aquifers in the basin, and 

includes inform
ation on w

ell yields and potential 
yields, ground-w

ater quality, and ground-w
ater 

discharge to the m
ajor stream

s in the basin. A
 m

ajor 
study by the U

.S. G
eological Survey is currently 

(1991-97) being done for the W
hite and E

ast Fork 
W

hite R
iver basins as part of the N

ational W
ater- 

Q
uality A

ssessm
ent Program

. 
T

he study w
ill assess 

the w
ater quality of the surface- and ground-w

ater 
resources of the W

hite and E
ast Fork W

hite R
iver 

basins (Jacques and C
raw

ford, 1991).

In addition to w
ritten reports, various ground- 

w
ater-availability m

aps have been published. 
T

he 
Indiana D

epartm
ent of N

atural R
esources, D

ivision 
of W

ater, has published m
aps that delineate m

ajor 
aquifers along w

ith recorded and potential w
ell yields 

in the follow
ing counties: 

M
organ (H

eckard, 1965), 
Johnson (U

hl, 1966), M
adison (Steen, 1970), 

H
am

ilton (H
erring, 1971), M

arion (H
erring, 1974), 

and B
oone (Steen and others, 1977). 

G
round w

ater

availability m
aps have been com

pleted for the entire 
state of Indiana by B

echert and H
eckard (1966) and 

C
lark (1980).

Physiography

T
he topographic relief across the W

hite R
iver 

basin is about 750 ft. T
he highest point, about 

1,200 ft above sea level, is in R
andolph C

ounty in the 
eastern part of the basin. 

T
he low

est point, about 
450 ft above sea level, is in G

ibson C
ounty in the 

southernm
ost part of the basin.

T
he basin lies w

ithin five physiographic units 
as defined by M

alott (1922) and later refined by 
Schneider (1966) (fig. 55). 

T
he northern half of the 

basin is in the T
ipton T

ill Plain. T
his plain of low

 
relief is com

posed of thick glacial deposits that 
obscure the underlying bedrock topography. 

T
he 

N
orm

an U
pland, of w

hich only a sm
all part of the 

northernm
ost extent is w

ithin the basin, is charac 
terized by narrow

, flat-topped divides and deep V
- 

shaped valleys; local relief is typically 125 to 250 ft. 
T

he N
orm

an U
pland is w

ell drained by a strongly 
developed dendritic stream

 pattern. T
he M

itchell 
Plain in the W

hite R
iver basin, w

hich in m
ost places 

is less than 7 m
i w

ide, occupies a narrow
 strip in the 

central part of the basin. T
he M

itchell Plain is a 
w

estw
ard-sloping plain com

posed of lim
estones. T

he 
lim

estones are subject to karst developm
ent and they 

form
 num

erous sinkholes into w
hich som

e stream
s 

"disappear". T
he karst developm

ent in the W
hite 

R
iver basin is not as extensive as karst developm

ent 
further south in the State. T

he C
raw

ford U
pland is a 

w
estw

ard-sloping plateau developed in interbedded 
sandstones, shales, and lim

estones capped by resistant 
sandstones. 

D
ifferential erosion in this region has 

created a deeply dissected upland in w
hich local relief 

is as m
uch as several hundred feet. T

he C
raw

ford 
U

pland is about 25 m
i w

ide and is adjacent to, and 
w

est of the M
itchell Plain. T

he W
abash L

ow
land is 

the southernm
ost physiographic unit in the basin. 

T
his unit is a broad low

land underlain by nonresistant 
siltstones and shales, w

hich have been eroded by 
repeated glaciations into a subdued landscape.

W
hite R

iver B
asin 
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B
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ap, 1:500,000, 1974

Figure 54. Location of section lines and w
ells plotted in the W

hite R
iver basin.
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Figure 55. P
hysiographic units, m

oraines, and extent of glaciation in the W
hite R

iver basin.

Surface-W
ater H

ydrology

T
he W

hite R
iver provides the m

ajor drainage 
w

ithin the basin; average discharges of the river are 
208 ft3/s near M

uncie in D
elaw

are C
ounty and 

11,850 ft3/s near Petersburg in Pike C
ounty (A

rvin, 
1989). 

Several large tributary drainage basins are 
w

ithin the W
hite R

iver basin (fig. 54). T
he Eel R

iver 
tributary, in the southw

estern part of the basin, has 
the largest drainage area (830 m

i2) of any tributary to 
the W

hite R
iver in the W

hite R
iver basin. 

O
ther 

tributaries w
hose drainage areas are greater than 

100 m
i2 include Fall C

reek, E
agle C

reek, B
ig W

alnut 
C

reek, W
hite L

ick C
reek, M

ill C
reek, Pipe C

reek, 
and C

icero C
reek. T

hese tributaries are perennial 
stream

s and, depending upon clim
atic and aquifer 

conditions, are either recharge sources or discharge 
outlets for ground w

ater.

A
 num

ber of stream
s have been artificially 

dam
m

ed to form
 w

ater-supply reservoirs. Principal 
reservoirs include M

orse, G
eist, Eagle C

reek, C
agles 

M
ill, and Prairie C

reek R
eservoirs.

G
eology

B
edrock D

eposits

T
he W

hite R
iver basin overlies tw

o m
ajor 

structural features know
n as the Illinois B

asin and the 
C

incinnati A
rch (fig. 4). B

edrock strikes north- 
northw

est, generally dipping gently to the southw
est 

into the Illinois B
asin; how

ever, in the northeastern 
part of the basin w

here the C
incinnati A

rch is present, 
bedrock dips northw

ard tow
ard the M

ichigan B
asin, 

as show
n in sections 8C

-8C
, 8D

-8D
' and 8E

-8E
' 

(fig. 58). 
Successively younger rocks are exposed in 

the basin from
 east to w

est (fig. 56). 
R

ocks of O
rdo- 

vician age are exposed on top of the C
incinnati A

rch 
in the northeastern part of the basin (fig. 56). T

o the 
w

est, rocks of Silurian, D
evonian, M

ississippian, and 
Pennsylvanian age are present at the bedrock surface 
either as subcrops w

here covered by unconsolidated 
m

aterials or as outcrops w
here exposed in ungla- 

ciated areas or along som
e of the large stream

s 
(fig. 56). E

rosional unconform
ities betw

een the 
Silurian and D

evonian contact and the M
ississippian 

and Pennsylvanian contact are significant. Preglacial
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stream
 system

s have eroded and dissected the entire 
bedrock surface, rem

oving large am
ounts of Paleo 

zoic rocks from
 the crest of the C

incinnati A
rch and 

creating deep bedrock valleys (fig. 7). 
E

xam
ples of 

these valleys can be seen in m
ost of the hydrogeo- 

logic sections (fig. 58).

T
he Fortville Fault and the M

ount C
arm

el 
Fault, each about 50 m

i long, transect the basin. 
T

he 
Fortville Fault strikes north-northeast from

 M
arion 

C
ounty through H

ancock and M
adison C

ounties 
(fig. 56). 

T
he southeastern block of the fault is 

dow
nthrow

n. 
T

he M
ount C

arm
el Fault strikes north- 

northw
est from

 W
ashington C

ounty through 
L

aw
rence and M

onroe C
ounties (fig. 56). 

O
nly the 

northernm
ost 10 m

i of the M
ount C

arm
el Fault is 

w
ithin the basin.

O
rdovician rocks of m

ajor lithostratigraphic 
significance in the W

hite R
iver basin are part of the 

M
aquoketa G

roup. 
T

he M
aquoketa G

roup is as 
m

uch as 80 percent shale that is interbedded w
ith 

lim
estone. 

T
he proportion of lim

estone increases 
tow

ard the east in the W
hite R

iver basin (Shaver and 
others, 1986, p. 88).

Silurian rocks w
ithin the basin include the 

B
rassfield L

im
estone, the C

ataract Form
ation, the 

Salam
onie D

olom
ite, and the Salina G

roup. 
T

he 
B

rassfield L
im

estone, w
hich is less than 10 ft thick in 

m
ost places, interfingers w

ith shales and dolostones 
of the C

ataract Form
ation (Shaver and others, 1986, 

p. 20). 
T

he Salam
onie D

olom
ite is a fairly pure 

dolostone that is about 50 ft thick in the central part 
of the State (Shaver and others, 1986, p. 180-132). 
T

he Salina G
roup contains the Pleasant M

ills 
Form

ation and the W
abash Form

ation, both of w
hich 

are com
posed of lim

estone and dolostone interbedded 
w

ith shale m
em

bers (G
ray and others, 1987). 

B
oth 

the carbonate rocks and the shales are of variable 
thickness (Shaver and others, 1986, p. 114-116, 
163-165).

D
evonian bedrock consists prim

arily of dolo- 
m

itic carbonate rocks (M
uscatatuck G

roup) or shale 
(N

ew
 A

lbany Shale). T
he M

uscatatuck G
roup can be 

as m
uch as 250 ft thick, but it is probably no thicker 

than 50 to 60 ft in the W
hite R

iver basin. 
T

he N
ew

A
lbany Shale, w

hich is D
evonian and M

ississippian 
in age, is com

posed of dark carbonaceous shales 
(Shaver and others, 1986, p. 101) and is 85 to 150 ft 
thick w

ithin the W
hite R

iver basin.

R
ocks of M

ississippian age include the 
B

orden, Sanders, B
lue R

iver, W
est B

aden, and 
Stephensport G

roups. 
T

he B
orden G

roup ranges in 
thickness from

 485 to 800 ft and consists of the N
ew

 
Providence Shale, the Spickert K

nob Form
ation, and 

the E
dw

ardsville Form
ation. 

T
he N

ew
 Providence 

Shale, overlying the N
ew

 A
lbany Shale, is com

posed 
predom

inantly of shale. 
T

he Spickert K
nob Form

a 
tion grades upw

ard from
 a silty shale to a m

assive 
siltstone but includes som

e sandstone and lim
estone. 

T
he E

dw
ardsville Form

ation consists of siltstone, 
sandy shale, and sandstone interbedded w

ith m
inor 

lim
estones (Shaver and others, 1986, p. 18-19).

T
he Sanders and B

lue R
iver G

roups consist of 
w

ell-bedded and dense lim
estones that contain thin 

shale beds. 
W

here lim
estone crops out or is covered 

by thin unconsolidated m
aterials, it com

m
only is 

highly karstic and contains num
erous sinkholes and 

caves. 
T

he thickness of the B
lue R

iver G
roup in 

outcrop w
ithin the basin ranges from

 150 to 240 ft; in 
the subsurface, thickness m

ay exceed 350 ft (Shaver 
and others, 1986, p. 16-17). T

hickness of the Sanders 
G

roup is variable, ranging from
 120 to 150 ft (Shaver 

and others, 1986, p. 136).

T
he W

est B
aden G

roup is a m
ixture of sand 

stones, siltstones, shales, and m
udstones, interbedded 

w
ith thin lim

estone lenses; outcrop thickness is 100 
to 140 ft and subsurface thickness is as m

uch as 
260 ft in G

ibson C
ounty (Shaver and others, 1986, 

p. 167). 
T

he Stephensport G
roup is com

posed of 
equal parts of shales, sandstones, and lim

estones. 
B

ecause of the erosional unconform
ity betw

een the 
M

ississippian and Pennsylvanian rocks, outcrops of 
the Stephensport G

roup are generally less than 50 ft 
thick and are absent in m

any places throughout the 
W

hite R
iver basin (G

ray and others, 1987). 
T

he 
subsurface thickness of the Stephensport G

roup 
ranges from

 130 to 230 ft (Shaver and others, 1986, 
p. 151).

R
ocks of Pennsylvanian age w

ithin the W
hite 

R
iver basin include the R

accoon C
reek, C

arbondale, 
and M

cL
eansboro G

roups. 
T

hese three groups are 
dom

inated by shales, but sandstones, siltstones, lim
e 

stones, clays, and coal also are m
ajor com

ponents. 
W

ithin the R
accoon C

reek G
roup are the M

ansfield, 
B

razil, and Staunton Form
ations. 

T
he M

ansfield 
Form

ation, w
hich can be as m

uch as 300 ft thick, is 
m

ostly sandstone in the low
er part of unit but con 

tains increasingly m
ore shale upw

ard in the unit 
(Shaver and others, 1986, p. 87). 

T
he B

razil Form
a 

tion is characterized by the lack of traceable beds; it 
is com

posed prim
arily of shale, sandstone, underclay, 

and coal, w
hich have a com

bined thickness of 40 to 
90 ft (Shaver and others, 1986, p. 21). 

T
he Staunton 

Form
ation consists of 75 to 150 ft of sandstones, 

shales, thin, areally lim
ited coal beds, and m

inor 
lim

estone lenses (Shaver and others, 1986, p. 149- 
150). 

T
he C

arbondale G
roup includes the L

inton, 
Petersburg, and D

ugger Form
ation. 

T
he L

inton 
Form

ation consists of sandstones, shales, lim
estones 

and coal; it is typically about 80 ft thick but ranges 
from

 60 to 162 ft in thickness (Shaver and others, 
1986, p. 80). 

T
he Petersburg Form

ation consists of 
40 to 120 ft of shale, fine-grained sandstone, and 
coal, including the Springfield C

oal M
em

ber (C
oal 

V
) (Shaver and others, 1986, p. 112). 

T
he D

ugger 
Form

ation contains several coal m
em

bers and beds of 
lim

estone, shale, and clay, and ranges in thickness 
from

 73 to 185 ft (Shaver and others, 1986, p. 39). 
T

he Shelburn, Patoka, and B
ond Form

ations of the 
M

cL
eansboro G

roup are present in the far south 
w

estern corner of the basin. 
T

he M
cL

eansboro 
G

roup is m
ore than 90 percent shale and sandstone, 

but has sm
all am

ounts of siltstone, lim
estone, coal, 

and clay (Shaver and others, 1986, p. 86). 
T

he W
est 

Franklin L
im

estone, a thin but persistent m
arker bed, 

is present w
ithin the Shelburn Form

ation (fig. 56).

U
nconsolidated D

eposits

N
early all of the W

hite R
iver basin is covered 

by unconsolidated deposits, m
ost of w

hich w
ere 

deposited by continental ice sheets. 
D

uring the Pleis 
tocene, continental ice sheets consisting of num

erous 
lobes advanced into Indiana at least three tim

es and

deposited glacial sedim
ents (W

ayne, 1966, p. 21). 
T

hese three glacial advances occurred during the 
W

isconsinan, Illinoian and pre-Illinoian glacial 
stages (in order from

 m
ost to least recent). 

T
hick 

nesses of deposits range from
 less than 25 ft in the 

southern part of the basin to as m
uch as 400 ft in the 

northern part of the basin, although m
ost of the 

unconsolidated deposits in the basin are from
 50 to 

150 ft thick (fig. 57). 
G

lacial sedim
ents, including 

outw
ash sand and gravel, from

 all three glacial stages 
filled preglacial stream

 valleys and created buried 
bedrock valleys (B

leuer, 1989). T
he location of these 

buried bedrock valleys is show
n in figure 7.

E
xposures of pre-Illinoian deposits are rare in 

the W
hite R

iver basin, and little inform
ation on the 

nature and extent of these deposits is available. 
D

uring the Illinoian A
ge, ice covered as m

uch as 
80 percent of Indiana. 

Illinoian deposits are exposed 
throughout the southern half of the basin. 

T
hese 

Illinoian deposits are predom
inantly loam

 tills that 
are heavily dissected; few

 m
orainal system

s have 
been delineated. 

Pre-Illinoian and Illinoian glacial 
sedim

ents are included in the Jessup Form
ation 

(G
ray, 1989).

O
verlying Illinoian and pre-Illinoian deposits 

are W
isconsinan glacial m

aterials. 
D

uring W
iscon 

sinan glaciation, the L
ake M

ichigan L
obe and E

rie 
L

obe covered the upper one-third of the W
hite R

iver 
basin (fig. 8) and deposited extensive term

inal and 
recessional m

orainal system
s. 

O
nly sm

all segm
ents 

of these system
s, the U

nion C
ity and C

raw
fordsville 

M
oraines (figs. 3 and 55), are w

ithin the boundary of 
the basin. 

T
he northern one-half of the basin is 

covered by thick ground m
oraine, w

hich is com
posed 

of loam
y tills interbedded w

ith thin, discontinuous to 
continuous layers of stratified sand and gravel. 
O

utw
ash that w

as transported south from
 the W

iscon 
sinan glaciers filled in m

any of the large stream
 

valleys beyond the glacial boundary, as w
ell as 

valleys w
ithin the W

isconsinan glacial lim
its. D

uring 
all of the glacial stages, the landscape w

as covered by 
w

indblow
n deposits to som

e degree; these deposits 
consisted chiefly of loess (w

indblow
n silt) and 

localized dune sand.
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Figure 57. Thickness of unconsolidated deposits in the W
hite R

iver basin.
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A
quifer Types

T
he hydrostratigraphy of the W

hite R
iver basin 

is show
n in 11 hydrogeologic sections (fig. 58). 

H
ydrogeologic sections 8A

-8A
' to 8E

-8E
' are 

oriented south-north, and hydrogeologic sections 
8F

-8F
 to 8K

-8K
' are oriented w

est-east (fig. 54). 
T

he typical spacing betw
een hydrogeologic sections 

is about 18 m
i, the exception being the spacing 

betw
een 8D

-8D
' and 8E

-8E
', w

hich is only 12 m
i. 

T
he total length of the 11 hydrogeologic sections is 

about 410 m
i. In all, 354 w

ell logs w
ere used to draw

 
the sections. 

T
hese w

ell logs w
ere plotted at an 

average density of one w
ell log every 1.2 m

iles 
(fig. 54).

T
hroughout the northeastern one-third of the 

basin, the principal aquifers are buried continuous 
sand and gravel w

here the drift is greater than 25 ft 
thick, carbonate rock (lim

estone and dolostone) 
w

here drift is thin, and surficial sand and gravel near 
m

ajor stream
s (fig. 59). W

here the glacial deposits 
are thick, the depth of w

ells ranges from
 50 to 400 ft 

and averages 150 ft (B
echert and H

eckard, 1966, 
p. 108-109). 

T
he carbonate bedrock aquifer in the 

northeastern one-third of the basin is L
ate O

rdo- 
vician, Silurian, and D

evonian in age. 
W

ells in these 
rocks are as deep as 150 ft (L

apham
, 1981, p. 16), but 

only the upper 100 ft is generally considered to be 
perm

eable (C
able and others, 1971).

T
hroughout the central one-third of the basin, 

principal aquifers include surficial, buried, and dis 
continuous sand and gravel; an upper w

eathered zone 
in siltstone and shale, and a carbonate bedrock 
aquifer (fig. 59). 

T
he characteristics of the sand and 

gravel aquifers are the sam
e as those in the north 

eastern one-third of the basin. 
The siltstone-shale 

aquifer is used only w
here no other aquifer type is 

available. W
ater production from

 these norm
ally 

low
-yield rock types is from

 a zone of enhanced 
perm

eability created by w
eathering and fracturing of 

the shale and siltstone. W
ater produced from

 the

carbonate bedrock aquifer is from
 M

ississippian 
lim

estones.

T
he principal aquifers in the southw

estern one- 
third of the basin are surficial sand and gravel; 
sandstone; com

plexly interbedded sandstone, shale, 
lim

estone, and coal; and carbonate rock (fig. 59). 
Surficial sand and gravel along large stream

s is the 
only productive sand and gravel aquifer in the south 
w

estern one-third of the basin. Y
ields from

 all 
bedrock aquifers in the area are low

 (less than 
20 gal/niin). 

Sandstone aquifers are present in 
Pennsylvanian rocks, aquifers in the com

plexly inter- 
bedded m

aterials are present in L
ate M

ississippian 
and Pennsylvanian rocks, and carbonate bedrock 
aquifers are present in M

ississippian rocks. Physical 
characteristics and som

e com
m

on or stratigraphic 
nam

es for aquifer types w
ithin the basin are sum

m
a 

rized in table 10.

Unconsolidated Aquifers

Surficial Sand and G
ravel A

quifers

Surficial sand and gravel aquifers are restricted to the 
m

ajor river valleys throughout the basin (fig. 59) and 
can be seen in sections 8A

-8A
', 8B

-8B
', and 8F

-8F
' 

to 81-81' (fig. 58). In instances w
here an entire valley 

is filled from
 bedrock to land surface w

ith sand and 
gravel (as show

n in section 8A
-8A

' (fig. 58) along 
the W

hite R
iver near M

artinsville), the valley w
as 

m
apped as surficial sand and gravel aquifer. 

T
he 

entire thickness of sand and gravel m
ay not represent 

a single, continuous deposit but rather is an area of 
stratigraphic and hydraulic connection betw

een the 
surficial and buried sand and gravel. T

he surficial 
sand and gravel consists of W

isconsinan and older 
glaciofluvial or fluvial sand and gravel and m

inor 
w

indblow
n deposits in the form

 of dune sands 
(T

hornbury, 1950; B
arnhart and M

iddlem
an, 1990; 

G
ray, 1989). T

he dune sands, found in the southern 
part of the basin, m

ay be a local source of w
ater for 

shallow
 dom

estic w
ells, but these sands are generally 

considered insignificant as aquifers (W
atkins and

Jordan, 1961; 1962).

T
he areal extent of the surficial sand and gravel 

aquifer in the southern part of the basin is greater 
than that in the northern part; how

ever, the dem
ands 

on the aquifer in the north are m
uch greater than in 

the south because of its use by the m
unicipalities of 

M
uncie, A

nderson, and Indianapolis, and by nearby 
industries. A

uthors of previous studies have agreed 
that the "outw

ash" aquifers that underlie the m
ajor 

stream
s are the m

ost productive aquifers in the basin 
(W

atkins and Jordan, 1961,1962; L
apham

, 1981; 
A

rihood, 1982; A
rihood and L

apham
, 1982; L

apham
 

andA
rihood, 1984). In the southern part of the basin, 

w
here the surficial sand and gravel aquifer is used for 

sm
all-tow

n and dom
estic supplies, it has not been 

developed to its full w
ater-producing potential.

T
he surficial aquifer is generally unconfined 

along rivers (see section 8B
-8B

' along the W
hite 

R
iver and Fall C

reek, fig. 58). In places, the aquifer 
is hydraulically connected to buried sand and gravel 
aquifers that extend beneath the river, as show

n in 
section 8D

-8D
' (fig. 58) (G

illies, 1976, Sm
ith, 1983). 

R
echarge to the aquifer is from

 direct infiltration of 
precipitation and, at tim

es, from
 the stream

s. T
he 

stream
s are connected hydraulically to the aquifer, 

usually gaining w
ater from

 it; how
ever, during 

drought or heavy pum
ping nearby, the stream

s can 
function as recharge sources for the aquifer (G

illies, 
1976).T

he thickness of the surficial sand and gravel 
aquifer ranges from

 10 to m
ore than 150 ft. W

ithin 
the northern one-half of the basin, w

here the outw
ash 

aquifers have been studied extensively, the w
ater 

table is generally w
ithin 10 ft of the surface. 

Satu 
rated thickness, w

hich ranges from
 10 to 110 ft, 

depends on bedrock relief and thickness of the 
aquifer (M

eyer and others, 1975; Sm
ith, 1983). 

H
ydraulic conductivities for the surficial sand and 

gravel aquifer range from
 24 to greater than 

1,500 ft/d(A
rihood and L

apham
, 1982; Sm

ith, 1983). 
W

ell yields range from
 10 to 2,000 gal/m

in (M
eyer 

and others, 1975; G
illies, 1976; Sm

ith, 1983; 
B

arnhart and M
iddlem

an, 1990).

B
uried and D

iscontinuous Sand and G
ravel A

quifers

B
uried and discontinuous sand and gravel 

aquifers have sim
ilar origins and exhibit sim

ilar 
characteristics, and therefore, are discussed here 
together. 

T
he m

ajor difference betw
een the tw

o 
aquifer types is that buried sand and gravel aquifers 
are thicker and areally m

ore extensive than the 
discontinuous sand and gravel aquifers. B

uried sand 
and gravel aquifers, used in the northern one-half of 
the W

hite R
iver basin (fig. 59), can be seen in 

sections 8A
-8A

' to 8E
-8E

' and in section 8K
-8K

' 
(fig. 58). 

D
iscontinuous sand and gravel aquifers, 

used in the m
iddle one-third of the W

hite R
iver basin 

(fig. 59), can be seen in section 8A
-8A

' (northern 
one-third), 81-81' (eastern one-quarter), and 8J-8J' 
(w

estern one-half) (fig. 58). 
T

he tw
o aquifer types 

w
ere deposited as outw

ash-plain deposits, valley fill 
in pre-Illinoian valleys, thin sheets of stratified drift, 
and sm

all pockets of coarse-grained glaciolacustrine 
sedim

ent (W
atkins and Jordan, 1961, p. 6; W

atkins 
and Jordan, 1962, p. 6; W

atkins and Jordan, 1963, 
p. 6; M

eyer and others, 1975, p. 7-9; G
illies, 1976, 

p. 4; L
apham

, 1981, p. 10-31; A
rihood, 1982, 

p. 8-23; B
arnhart and M

iddlem
an, 1990, p. 9). 

W
here buried sand and gravel deposits are con 

tinuous, they can be sources of large am
ounts of 

w
ater. D

iscontinuous sand and gravel deposits tend 
to have low

 w
ater yields; w

ell contractors com
m

only 
drill through these deposits to obtain higher yields 
from

 the bedrock sources below
 (W

atkins and 
Jordan, 1962, p. 6; B

arnhart and M
iddlem

an, 1990, 
p. 9).

T
he buried and discontinuous sand and gravel 

aquifers are usually confined by layers of low
-perrne- 

ability till (see section 8A
-8A

', fig. 58) (W
atkins and 

Jordan, 1962, p. 6-7; A
rihood and L

apham
, 1982, 

p. 10-25). In som
e locations, the buried or discon 

tinuous sand and gravel aquifers are contiguous w
ith 

surficial sand and gravel aquifers along the m
ajor 

stream
s; together, the aquifers form

 a com
plex hydro- 

geologic system
 as show

n in section 8C
-8C

' (fig. 58) 
(G

illies, 1976, p. 9; M
eyer and others, 1975, p. 9-16).
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R
echarge of buried and discontinuous 

aquifers is probably by infiltration of precipitation 
through the confining layers. 

R
echarge rates 

reported by m
ost of the studies of the W

hite R
iver 

basin w
ere calculated from

 baseflow
 and static- 

w
ater-level data (L

apham
, 1981; A

rihood and 
L

apham
, 1982; A

rihood, 1982; L
apham

 and 
A

rihood, 1984). 
Such data can be used to deter 

m
ine recharge rates for buried or discontinuous 

aquifers if the aquifers are hydraulically linked to 
the stream

. 
H

ow
ever, this linkage is not the case 

for m
any of the buried aquifers som

e distance 
from

 the surficial "outw
ash" aquifers, such as 

those show
n in section 8K

-8K
' ( fig. 58). 

B
ecause m

ost of the buried and discontinuous 
aquifers are not regionally extensive, they have 
not been studied in detail; no inform

ation 
regarding recharge rates is available, other than 
average areal recharge rates for a particular 
m

odeled region. 
A

rihood and L
apham

 (1982) 
calculated average areal recharge rates to the 
buried and discontinuous aquifers of 2 in/yr, or 
approxim

ately 5 percent of the total precipitation, 
for a m

odeled region in the upper part of the 
W

hite R
iver basin.

T
he thickness of the buried and discon 

tinuous sand and gravel aquifers ranges from
 5 to 

50 ft in m
ost of the counties in the northern part of 

the basin (L
apham

 and A
rihood, 1984, p. 11). 

R
eported hydraulic conductivities of the confined 

buried and discontinuous aquifers range from
 200 

to 390 ft/d (C
able and others, 1971; M

eyer and 
others, 1975). 

M
any hydrologic studies in the 

northern part of the basin w
ere based on the 

assum
ption that the average hydraulic conductiv 

ities of the buried and discontinuous sands and 
gravels w

ere sim
ilar to those of the surficial sands 

and gravels, nam
ely 433 ft/d (A

rihood and 
L

apham
, 1982; L

apham
 and A

rihood, 1984; 
L

apham
, 1981). 

W
ell yields of buried and discon 

tinuous aquifers typically range from
 10 to 

250 gal/m
in (H

erring, 1971, 1974).
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Figure 58. H
ydrogeologic sections 8A

-8A
' to 8

K
-8

K
' of the W

hite R
iver basin C

ontinued.
1P 

M
ILE

S

B
edrock A

quifersC
arbonate B

edrock A
quifers

C
arbonate bedrock aquifers are present in the 

northern one-third of the W
hite R

iver basin and in a 
north-south band that is about 15 to 20 m

i w
ide near 

the m
iddle of the basin (fig. 59). C

arbonate bedrock 
aquifers are show

n in all hydrogeologic sections 
(fig. 58) except section 8F

-8F
.

In the northern part of the basin, O
rdovician 

shales and lim
estones of the M

aquoketa G
roup are 

overlain by thick carbonate rock sequences w
ith 

shale-dom
inant facies of Silurian and D

evonian age 
(sections 8B

-8B
' to 8E

-8E
' and section 8K

-8K
', 

fig. 58) (W
ayne, 1975, p. 16-17; L

apham
 and 

A
rihood, 1984). T

he upper O
rdovician rocks of the 

M
aquoketa G

roup consist of a large proportion of 
carbonate rock in the northeastern part of the basin 
(G

ray, 1972) and are adequate for dom
estic w

ater 
supplies in som

e places; how
ever, Silurian and

10 
K

ILO
M

E
TE

R
S

D
evonian carbonate bedrock aquifers are preferred 

to O
rdovician aquifers as w

ater sources. T
he 

Silurian and D
evonian carbonate rocks, w

hich are 
now

 covered by glacial deposits, w
ere once exposed 

and underw
ent som

e karst developm
ent (W

ayne, 
1966, p. 30). B

ecause the prim
ary perm

eabilities of 
the carbonate rocks tend to be low

, it is this 
w

eathered zone w
ithin the carbonate rocks that is 

m
ost likely to produce significant am

ounts of w
ater, 

ow
ing to solution-enhanced bedding planes, joints, 

and fractures (L
apham

 and A
rihood, 1984, p. 10).
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W
ayne (1975), in a M

adison C
ounty report, states 

that nearly all of the rocks w
ithin the Silurian and 

D
evonian System

s w
ill yield w

ater. Specific rock 
units that are particularly good w

ater producers 
include the Salam

onie D
olom

ite and the L
ouisville 

L
im

estone (W
ayne, 1975, p. 16).

R
echarge to the carbonate bedrock aquifers is 

m
ostly by infiltration and percolation of rainw

ater 
through the overlying glacial deposits. T

hicknesses 
of specific carbonate bedrock aquifers w

ithin the 
O

rdovician, Silurian, and D
evonian system

s range 
from

 40 to 300 ft, but only the upper 150 ft is gener 
ally tapped (A

rihood, 1982, p. 8). T
he w

ater-bearing 
capability of the Silurian and D

evonian aquifers is

chiefly dependent on the fracture density and degree 
of w

eathering. 
B

ecause of this, the hydraulic con 
ductivity of these aquifers is highly variable. 

C
able 

and others (1971) estim
ated the average hydraulic 

conductivity of the aquifers to be 13.4 ft/d. W
ell 

yields of m
ore than 100 gal/m

in are possible from
 

these aquifers (Steen, 1970; W
ayne, 1975, p. 16).

O
ther carbonate bedrock aquifers w

ithin the 
basin include the M

ississippian B
lue R

iver and 
Sanders G

roups. T
he carbonate rocks are w

ell- 
cem

ented, dense, m
edium

-bedded lim
estones; 

ground w
ater com

m
only flow

s along fractured and 
w

eathered surfaces. Intense karst developm
ent in 

the lim
estone of these groups is com

m
on w

here they

are exposed at the surface. Flow
 of ground w

ater 
through the fracture and joint system

s enhances 
preexisting avenues of w

ater flow
. R

echarge of 
these aquifers is by infiltration of precipitation 
through thin glacial deposits, exposed bedrock 
fracture surfaces, and karst terrain. W

ells w
ithin 

these aquifers generally yield less than 30 gal/m
in, 

and dry holes are not uncom
m

on (B
echert and 

H
eckard, 1966, p. 108-109).

U
pper W

eathered-B
edrock A

quifer

In the central one-third of the basin, aquifers 
are developed in an upper w

eathered zone of the 
D

evonian and M
ississippian N

ew
 A

lbany Shale and 
siltstones and shales of the M

ississippian B
orden

G
roup. T

his aquifer type is show
n in hydrogeologic 

sections 8A
-8A

', 81-81', and 8J-8J' (fig. 58). T
he 

upper w
eathered zone is a zone of enhanced perm

e 
ability produced by w

eathering before, during, and 
after glaciation. T

he availability of w
ater in this 

w
eathered zone is highly variable and is dependent 

on the degree of enhanced perm
eability, the type 

and thickness of overlying deposits, and the 
bedrock topography. 

T
he dependence on type and 

thickness of overlying deposits is evident in hydro- 
geologic section 8A

-8A
' (fig. 58) w

here, as glacial 
deposits thin tow

ard the south, dry w
ells are 

increasingly com
m

on. W
here the aquifer is unreli 

able, the w
eathered zone is m

apped as "aq
u

ifer  
potential unknow

n." T
his boundary is located near 

the m
axim

um
 extent of glaciation (fig. 55 and 59).
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Table 10. 
C

haracteristics of aquifer types in the W
hite R

iver 
basin

[<, less than; locations of aquifer types show
n in fig. 59]

A
quifer type

Surficial sand and gravel

B
uried sand and gravel

D
iscontinuous sand and gravel

T
hickness 

R
ange of yield 

(feet) 
(gallons per 

m
inute)

5-150 
u

'3 100- 2,000

5- 
90 

''2'350- 
300

5- 
40 

!'2'510- 
200

C
om

m
on nam

e(s)

O
utw

ash, alluvium
, valley 

train4'5'6

Interbedded sand and gravel, 
outw

ash plain4'5

Interbedded sand and gravel,

C
arbonate bedrock 

M
ississippian 

D
evonian 

Silurian

U
pper w

eathered bedrock

C
om

plexly interbedded 
sandstone, shale, lim

estone, 
and coal

Sandstone

'150 

7150 
7150

7150 

highly variable9

20- 100

!'2<20

1'2100- 
600 

U
200- 

600

!'20- 
10

1,2 5- 
20

outlier '

Sanders and B
lue R

iver G
roups8 

M
uscatatuck G

roup8

Salam
onie D

olom
ite, B

rassfield 
L

im
estone, C

ataract Form
ation,

o

and Salina G
roup

B
orden G

roup and N
ew

 A
lbany 

Shale8

W
est B

aden, Stephensport, 
R

accoon C
reek, and C

arbondale 
G

roups, and Patoka Form
ation8

1,2,105_ 
20 

R
accoon C

reek G
roup8

'B
echert and H

eckard, 1966. 
2C

lark, 1980. 
3H

erring, 1971; 1974. 
4A

rihood and L
apham

, 1982. 
5B

arnhart and M
iddlem

an, 1990. 
6W

atkins and Jordan, 1961; 1962; 1963.
R

eported thickness is not total thickness of unit but thickness of unit considered perm
eable or w

ater bearing. 
8Shaver and others, 1986.
9W

ater is com
m

only found in thin beds w
ithin com

plexly interbedded sequence. 
10T

hom
as, 1980.

C
om

plexly interbedded rocks of different 
lithologies are used as aquifers in the southern one- 
third of the basin, but yields from

 these aquifers are 
generally low

. T
he m

ajor w
ater producers w

ithin the 
com

plexly interbedded sequence are thin sandstones 
but lim

estones and coals also can produce w
ater.

R
elatively continuous sandstone units, m

ostly 
w

ithin the Pennsylvanian System
, such as the 

M
ansfield Form

ation, are used as aquifers and are

m
apped as a separate aquifer type. 

W
ell yields from

 
sandstone aquifers are slightly higher than from

 the 
com

plexly interbedded aquifers.

In the central part of the basin, the only source 
of usable quantities of w

ater is a w
eathered zone 

w
ithin shale and siltstone. T

hese rocks have suffi 
cient secondary perm

eability to serve as a source of 
w

ater, but only for sm
all supplies. W

ell yields range 
from

 0 to 10 gal/m
in w

ithin this aquifer type.
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B
y Joseph M

. Fenelon and T
heodore K

. G
reem

an

G
eneral D

escription

The E
ast Fork W

hite R
iver basin, located in 

south-central Indiana, extends from
 the southw

estern 
to the east-central part of the State. The basin has an 
area of 5,746 m

i2, and its long axis trends northeast- 
southw

est for a distance of approxim
ately 150 m

i. 
The East Fork W

hite R
iver basin includes all, or part 

of, the follow
ing counties: B

artholom
ew

, B
row

n, 
D

aviess, D
ecatur, D

ubois, H
ancock, H

enry, Jackson, 
Jefferson, Jennings, Johnson, L

aw
rence, M

arion, 
M

artin, M
onroe, O

range, Pike, R
ipley, R

ush, Scott, 
Shelby and W

ashington. Principal cities in the basin 
include B

edford, B
loom

ington, C
olum

bus, Franklin, 
G

reenfield, G
reensburg, Loogootee, N

ew
 C

astle, 
N

orth V
ernon, R

ushville, Seym
our, and Shelbyville 

(fig. 60).

Previous Studies

The only ground-w
ater study that describes the 

hydrogeology of the entire East Fork W
hite R

iver 
basin w

as done by N
ym

an and Pettijohn (1971). 
T

he 
report is a brief description of the im

portant aquifers 
in the basin, and includes inform

ation on w
ell yields

and potential yields, ground-w
ater quality, and 

ground-w
ater discharge to the m

ajor stream
s in the 

basin. A
 m

ajor study by the U
.S. G

eological Survey 
is currently (1991-97) being done for the East Fork 
W

hite and W
hite R

iver basins as part of a N
ational 

W
ater-Q

uality A
ssessm

ent Program
. 

The study w
ill 

assess the w
ater quality of the surface- and ground- 

w
ater resources of the East Fork W

hite and W
hite 

R
iver basins (Jacques and C

raw
ford, 1991). G

ener 
alized ground-w

ater availability m
aps have been 

com
pleted for the entire state of Indiana by C

lark 
(1980) and B

echert and H
eckard (1966).

A
 num

ber of publications contain inform
ation 

on localized hydrogeology of the eastern half of the 
basin. These publications include a series of county 
ground-w

ater-availability m
aps, w

hich em
phasize the 

reported and potential w
ell yields from

 the m
ajor 

aquifers in the northeastern counties of the East Fork 
W

hite R
iver basin. These m

aps, published by the 
Indiana D

epartm
ent of N

atural R
esources, D

ivision 
of W

ater, are for Shelby (B
runs and U

hl, 1976), 
H

ancock (U
hl, 1975), H

enry (U
hl, 1973), Johnson 

(U
hl, 1966), and M

arion (H
erring, 1974) C

ounties. 
O

ther publications describing the ground-w
ater 

resources of M
arion C

ounty are by R
oberts and 

others (1955), M
eyer and others (1975), and H

erring 
(1976).H

ydrogeologic studies in or near C
olum

bus, 
B

artholom
ew

 C
ounty, have defined the ground-w

ater 
resources of that area (K

laer and K
ingsbury, 1948; 

K
laer and others, 1951), m

apped the glacial outw
ash 

aquifer along the Flatrock R
iver and East Fork W

hite 
R

iver (D
avis and others, 1969), and m

odeled ground- 
w

ater availability (W
atkins and H

eisel, 1970). 
G

round-w
ater m

odels have also sim
ulated w

ater- 
level declines that m

ight result from
 different 

arrangem
ents of m

unicipal w
ater-supply w

ells for the 
cities of C

olum
bus and Taylorsville (Planert, 1976; 

Planert and Tucci, 1979).

G
round-w

ater resources in three w
atersheds in 

the northeastern one-third of the basin w
ere evaluated 

to determ
ine the effects of proposed reservoirs upon 

the hydrology of the B
ig B

lue R
iver (N

ym
an and 

W
atkins, 1965a), the Flatrock R

iver (N
ym

an and

W
atkins, 1965b), and C

lifty C
reek (W

atkins, 1964). 
A

 com
plete hydrologic balance of Sum

m
it Lake, in 

the headw
aters of the B

ig B
lue R

iver, w
as deter 

m
ined by D

uw
elius, (1993) for w

ater years 1989 and 
1990 (a w

ater year begins O
ctober 1 and ends 

Septem
ber 30, the follow

ing year).

Tw
o publications on the southeastern part of 

the basin provide detailed m
aps of lineam

ent and 
fracture-trace locations in Jennings C

ounty (G
ree 

m
an, 1981) and D

ecatur C
ounty (G

reem
an, 1983). 

These studies describe the bedrock aquifers and 
explain the hydrologic significance of the m

apped 
lineam

ents and fracture traces to ground-w
ater w

ell 
yield.A

 brief description of the aquifers in the south 
w

estern one-fifth of the basin is included in W
angs- 

ness and others (1981). R
uhe (1975) studied the L

ost 
R

iver w
atershed to investigate the connection 

betw
een surface-w

ater and ground-w
ater flow

 in the 
karst terrain.

Physiography

Seven physiographic regions in the E
ast Fork 

W
hite R

iver basin w
ere defined by M

alott (1922) and 
later refined by W

ayne (1956) and Schneider (1966). 
The Tipton Till Plain (fig. 61), located in the northern 
one-fifth of the basin, is a nearly flat to gently undu 
lating till plain. The southern boundary of the Tipton 
Till Plain is approxim

ate and is located w
here drift 

thickness obscures the underlying bedrock physiog 
raphy. The rem

ainder of the basin is w
ithin six 

bedrock-dom
inated physiographic units that trend 

approxim
ately north-south, paralleling the regional 

bedrock strike (fig. 61).

The easternm
ost physiographic unit in the East 

Fork W
hite R

iver basin is the M
uscatatuck R

egional 
Slope. The eastern boundary of the physiographic 
unit roughly coincides w

ith the eastern boundary of 
the drainage basin. The M

uscatatuck R
egional Slope 

has a w
esterly dip of approxim

ately 400 ft over 25 m
i 

or 0.17 degree (Schneider, 1966, p. 43). The slope is 
controlled by the regional dip of the Silurian and 
D

evonian carbonate bedrock. In general, river

valleys are deeply entrenched along joints and frac 
ture zones in the carbonate bedrock, and com

m
only 

m
ake near-right-angle turns.

The Scottsburg Low
land is w

est of the M
usca 

tatuck R
egional Slope. The low

land is a 10- to 
20-m

i-w
ide trough w

ith little relief and is underlain 
by D

evonian and M
ississippian shales. Pre-W

iscon- 
sinan glaciers follow

ed the Scottsburg Low
land into 

southern Indiana and northern K
entucky. D

uring the 
pre-W

isconsinan and later glacial advances and 
retreats, the Scottsburg Low

land becam
e a principal 

discharge route for m
eltw

ater and outw
ash. N

orth of 
Scottsburg, this low

land is now
 filled w

ith outw
ash 

deposits ranging from
 50 to m

ore than 100 ft in 
thickness (fig. 63).

Further w
est, in the central part of the E

ast 
Fork W

hite R
iver basin, is the N

orm
an U

pland. The 
N

orm
an U

pland is separated from
 the Scottsburg 

Low
land by the K

nobstone Escarpm
ent, w

hich stands 
as m

uch as 300 ft above the Scottsburg Low
land. 

(See hydrogeologic section 9G
-9G

', R
. 3 E., fig. 64.) 

This escarpm
ent is capped by sandy siltstones that 

are m
ore resistant to w

eathering than underlying 
D

evonian and M
ississippian shales. The upland is 

generally flat topped but thoroughly dissected by 
steep-sloped stream

 valleys (Schneider, 1966, 
p. 45). The escarpm

ent also m
arks the location of a 

m
ajor change in bedrock dip, w

hich becom
es steeper 

to the w
est. (This change in bedrock dip is discussed 

in the "B
edrock G

eology" section.)

The M
itchell Plain, lying to the w

est of the 
N

orm
an U

pland, is underlain by M
ississippian lim

e 
stones. The area is a low

-relief karst plain that is 
intensely pitted in som

e areas by thousands of 
sinkholes. 

Surface drainage is poorly developed 
because of the extensive internal drainage. M

ost of 
the precipitation and som

e of the rivers drain under 
ground through sw

allow
 holes.

The C
raw

ford U
pland is underlain by com

 
plexly interbedded M

ississippian and Pennsylvanian 
sandstones, shales, and lim

estones, w
hich cause the 

topography to be very diverse. T
he area is a 

w
estw

ard-sloping, deeply dissected upland w
ith local 

relief of as m
uch as 350 ft (Schneider, 1966, p. 48).

East Fork W
hite R

iver B
asin 
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Figure 60. Location of section lines and w

ells plotted in the East Fork W
hite R

iver basin.
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T
he w

esternm
ost physiographic region in the 

basin is the W
abash L

ow
land. L

and surface eleva 
tions in the W

abash L
ow

land are 300 to 400 ft below
 

the top of the C
raw

ford U
pland (Schneider, 1966, 

p. 48). T
he low

land is underlain by Pennsylvanian 
siltstones, sandstones, and shales and is covered by 
thin glacial drift w

ithin the basin. T
he W

abash 
L

ow
land is generally characterized by low

 relief and 
gentle slopes (Schneider, 1966, p. 49).

Surface-W
ater H

ydrology

M
ost of the rivers in the E

ast Fork W
hite R

iver 
basin drain to the southw

est because of the regional 
slope of the bedrock. 

T
he E

ast Fork W
hite R

iver, 
w

hich begins at the confluence of the D
riftw

ood and 
Flatrock R

ivers, is the largest river in the basin 
(fig. 60). From

 its origin at C
olum

bus to its m
outh in 

the southw
est corner of the basin, the E

ast Fork 
W

hite R
iver flow

s 239 m
i (H

oggatt, 1975, p. 58). 
T

he E
ast Fork W

hite R
iver flow

s into the W
hite 

R
iver near Petersburg, Ind. (figs. 1 and 54).

M
ajor tributaries to the E

ast Fork W
hite R

iver 
w

ith drainage areas greater than 500 m
i2 (fig. 60) 

include (1) the M
uscatatuck R

iver, w
hich drains the 

southeastern part of the basin; (2) Salt C
reek, w

hich 
drains the w

est-central part of the basin; and (3) the 
D

riftw
ood R

iver, Flatrock R
iver, and B

ig B
lue R

iver, 
w

hich drain the northern part of the basin. D
rainages 

in the basin that are from
 100 to 500 m

i2 in drainage 
area include the L

ost R
iver, Sugar C

reek, G
raham

 
C

reek, C
lifty C

reek, B
ig C

reek, Indian C
reek, W

hite 
C

reek, B
randyw

ine C
reek, and the L

ittle B
lue R

iver 
(fig. 60).

R
ivers in the eastern half of the basin have a 

subparallel drainage pattern that reflects the regional 
dip of the bedrock. T

he rivers exhibiting subparallel 
drainage dow

n the regional bedrock slope are Sugar 
C

reek, the B
ig B

lue R
iver, the L

ittle B
lue R

iver, the 
Flatrock R

iver, C
lifty C

reek, Sand C
reek, V

ernon 
Fork (both N

orth and South Forks), G
raham

 C
reek, 

and the E
ast Fork W

hite R
iver from

 M
edora to Jones- 

ville. T
hese rivers flow

 southw
est, into the

Scottsburg L
ow

land (fig. 61), w
hich is bounded on 

the w
est by the K

nobstone E
scarpm

ent.

O
nly tw

o rivers in the E
ast Fork W

hite R
iver 

basin breach this escarpm
ent. T

he E
ast Fork W

hite 
and the M

uscatatuck R
ivers breach the escarpm

ent 
about 15 m

i apart in Jackson C
ounty. 

Flow
ing 

southw
est and w

est, respectively, from
 their cuts 

through the escarpm
ent, the E

ast Fork W
hite R

iver is 
joined by the M

uscatatuck R
iver near M

edora.

D
rainage of the M

itchell Plain (fig. 61) in 
northeast O

range C
ounty, central L

aw
rence C

ounty, 
and M

onroe C
ounty is considerably different from

 
the rest of the basin; m

ost runoff quickly leaves the 
surface by entering sinkholes and becom

ing part of 
the ground-w

ater system
. In the stream

s that do flow
 

across the M
itchell Plain, som

e surface w
ater is inter 

cepted by sw
allow

 holes and diverted underground 
into either the ground-w

ater system
 or subterranean 

channels. For exam
ple, in O

range C
ounty, the L

ost 
R

iver loses flow
 in a series of sw

allow
 holes betw

een 
R. 1 W

. and 1 E
., T. 2 N

. (fig. 60). T
he w

ater then 
flow

s through underground channels and reem
erges 

7 m
i to the w

est and 168 ft low
er (R

uhe, 1975, p. 33).

M
onroe R

eservoir and H
ardy L

ake are the tw
o 

principal lakes in the basin (fig. 60). T
hey w

ere 
form

ed from
 rivers that w

ere dam
m

ed to provide 
flow

 regulation, w
ater supply, and recreation. 

M
onroe R

eservoir is the largest m
axim

um
-capacity 

reservoir in Indiana (second largest norm
al capacity) 

w
ith a surface area of 16.8 m

i2 (R
uddy and H

itt, 
1990, p. 99-103).

G
eology

B
edrock D

eposits

T
he E

ast Fork W
hite R

iver basin is southw
est 

of the C
incinnati A

rch (fig. 4). B
edrock dips to the 

southw
est into the Illinois B

asin at approxim
ately 

20 ft/m
i in the northeastern part of the basin, as deter 

m
ined from

 the m
apped top of the O

rdovician rocks 
(B

assett and H
asenm

ueller, 1980). 
In the south 

w
estern part of the basin, the dip of the shallow

 
bedrock increases to about 43 ft/m

i as m
easured from

East Fork W
hite R

iver B
asin 

137



nI

.'%

;
./"\ ^

3
9
°3

0
'-f 

<-' 

A
-'

86- j) 
;

t"~-r
i y
/i!' 

S
//

 
 '17L

,1
&

 " 
^

i^~V
 
«

r\ 
/

38° 30'-

M
axim

um
 extent 

of glaciation

..-^-^
r""> i,
O

 
_
 j 

j
,-i 

f    -^
X

^
S

. 
/

.x\p- 
^

"\J

Ij 
' ^

J
r
'\
~

^
 

P
hysiographic units from

 
H

^
X

- 
>

«
-^ 

S
chneider, 1966, tig. 14.

M
orainal areas from

 G
ray, 

1989

SC
ALE 1:1,000,000

B
ase from

 U
.S. G

eological S
urvey 

S
tate B

ase M
ap, 1:500,000, 1974

0 
5 

10 
15 

20 
25 M

ILES
I 

i 
I 

l 
i_

_
_
i

0 
5 

10 
15 

20 25 KILO
M

ETER
S

Figure 61. P
hysiographic units, m

oraines, and extent of glaciation in the East Fork W
hite R

iver basin.

E
X

P
LA

N
A

TIO
N

T
IP

T
O

N
 T

ILL 
P

L
A

IN

M
U

S
C

A
T

A
T

U
C

K
 

R
E

G
IO

N
A

L 
S

LO
P

E

S
C

O
T

T
S

B
U

R
G

 LO
W

LA
N

D
 

N
O

R
M

A
N

 U
P

L
A

N
D

 

M
IT

C
H

E
LL 

P
L
A

IN
 

C
R

A
W

F
O

R
D

 U
P

L
A

N
D

 

W
A

B
A

S
H

 LO
W

LA
N

D

A
R

E
A

 O
F

 M
O

R
A

IN
A

L
 

T
O

P
O

G
R

A
P

H
Y

W
A

T
E

R
-M

A
N

A
G

E
M

E
N

T
-B

A
S

IN
 

B
O

U
N

D
A

R
Y

the m
apped top of the W

est B
aden G

roup of M
issis- 

sippian age (G
eosciences R

esearch A
ssociates, 1982), 

w
hereas the dip of deeper O

rdovician rocks increases to 
greater than 60 ft/m

i in the sam
e area (B

assett and 
H

asenrnueller, 1980).

T
he M

t. C
arm

el Fault trends north-northw
est in 

M
onroe, L

aw
rence, and northw

estern W
ashington 

C
ounties; the southern 50 m

i of the fault is w
ithin the 

basin (fig. 62). This fault functions as a hinge line on 
the east side of the Illinois B

asin, w
ith steeper bedrock 

dips w
est of the fault (see section 9G

-9G
', fig. 64). 

T
he w

estern side of the fault is dow
nthrow

n approxi 
m

ately 100 to 200 ft (Shaver and A
ustin, 1972, p. 11 

and 20). Locally, shorter parallel faults (about 5 m
i in 

length) are present (Shaver and A
ustin, 1972, p. 4).

R
ocks of O

rdovician through Pennsylvanian 
ages are present at the bedrock surface in the E

ast Fork 
W

hite R
iver basin. T

he oldest rocks at the bedrock 
surface underlie thick drift in buried bedrock valleys in 
the far northeastern part of the basin and are exposed in

stream
beds in the southeastern part of the basin 

(fig. 62). T
hese O

rdovician rocks are the D
illsboro and 

W
hitew

ater Form
ations of the M

aquoketa G
roup 

(fig. 5). T
he M

aquoketa G
roup consists of thin inter- 

bedded shale and lim
estone and is m

ore that 400 ft 
thick in the basin.

Silurian rocks, w
hich overlie the O

rdovician 
rocks, are present along the eastern edge of the basin 
(fig. 62). Silurian form

ations in the basin are (from
 

oldest to youngest) the B
rassfield Lim

estone, the 
Salam

onie D
olom

ite, the W
aldron Shale, the Louisville 

Lim
estone, and the W

abash Form
ation (fig. 5). T

he 
W

aldron Shale and L
ouisville L

im
estone form

 the 
Pleasant M

ills Form
ation in the northern one-third of 

the basin. The Silurian rocks are com
posed prim

arily 
of lim

estone, dolom
ite, dolom

itic lim
estone, and m

inor 
am

ounts of shale and chert. T
he Silurian rocks have a 

com
bined thickness of 90 to 500 ft w

ithin the E
ast Fork 

W
hite R

iver basin (H
asenrnueller and B

assett, 1980; 
and B

assett and H
asenrnueller, 1980). The W

aldron 
Shale is a thin (0 to 12 ft thick) shale that hydrologi- 
cally separates the underlying Silurian carbonate rocks 
from

 the overlying Silurian and D
evonian carbonates 

(G
reernan, 1981, p. 6). Pre-D

evonian erosion thinned 
the upper part of the Silurian rocks near the C

incinnati 
A

rch. In the northern part of the basin, only the low
er 

50 ft of the W
abash Form

ation rem
ains; further south, 

postdepositional erosion rem
oved all of the W

abash 
Form

ation and the underlying L
ouisville L

im
estone 

and W
aldron Shale (Schneider and G

ray, 1966).

T
he D

evonian M
uscatatuck G

roup uncon- 
form

ably overlies the Silurian rocks. T
he M

uscatatuck 
G

roup, in areas of outcrop, consists of 50 to 90 ft of 
dolom

ite and lim
estone and sm

all am
ounts of anhydrite 

and gypsum
 (Shaver and others, 1986, p. 99; G

ray and 
others, 1985). D

evonian carbonate rocks are present at 
the bedrock surface in m

ore than 1,000 m
i2 of the 

eastern part of the E
ast Fork W

hite R
iver basin, 

although they have been eroded from
 the extrem

e 
eastern edge of the basin (fig. 62). T

he com
bined 

thickness of the Silurian and D
evonian carbonate rocks 

range from
 90 ft in the eastern part to about 1,000 ft in 

the southw
estern part of the basin (G

eosciences 
R

esearch A
ssociates, 1982, pi. 21).
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T
he Silurian and D

evonian carbonate rocks are 
overlain by the D

evonian and M
ississippian N

ew
 

A
lbany Shale. 

T
his greenish-gray to black, fissile 

shale crops out in a 5- to 20-m
i-w

ide northw
est- 

trending band in the Scottsburg L
ow

land (east-central 
part of the basin) (fig. 62). 

E
roded or not deposited 

across the C
incinnati A

rch, the N
ew

 A
lbany Shale 

ranges from
 85 to 150 ft in thickness in the E

ast Fork 
W

hite R
iver basin. 

T
he shale is considered a con 

fining unit, greatly restricting the connection betw
een 

surface w
ater and ground w

ater in the underlying 
carbonate bedrock aquifer.

R
ocks of M

ississippian age include the 
R

ockford L
im

estone and the B
orden, Sanders, B

lue 
R

iver, W
est B

aden, and Stephensport G
roups (fig. 5). 

T
he R

ockford L
im

estone, averaging 3 ft in thickness, 
is a w

idespread m
arker bed that separates the N

ew
 

A
lbany Shale from

 the overlying B
orden G

roup. T
he 

B
orden G

roup is a thick (500 to 800 ft) unit w
ith a 

north-northw
est trending outcrop area of alm

ost 
1,000 m

i 
in the central part of the basin (fig. 62). 

T
he B

orden G
roup is com

posed of siltstone and shale 
interbedded w

ith som
e sandstone and m

inor lim
e 

stone; the low
er 200 ft is prim

arily shale (Shaver and 
others, 1986, p. 17-18). T

he B
orden G

roup underlies 
the N

orm
an U

pland and crops out along the eastern 
edge of the K

nobstone E
scarpm

ent.

C
ropping out to the w

est and overlying the 
B

orden G
roup are the Sanders and B

lue R
iver 

G
roups (fig. 62). 

B
oth groups are prim

arily carbon 
ate rocks that contain m

inor am
ounts of chert, shale, 

siltstone, anhydrite, gypsum
, and calcareous sand 

stone (Shaver and others, 1986, p. 16 and 137). 
T

hese M
ississippian carbonate rocks range in 

thickness from
 about 350 ft in M

onroe C
ounty to 

550 ft in O
range C

ounty. 
In som

e areas, the thick- 
bedded carbonate rocks are quarried for fine building 
stone. 

O
ther horizons contain geodes, joints, and 

solution features that m
ake them

 unsuitable for 
quarrying. 

U
nderlying the M

itchell Plain, the 
Sanders and B

lue R
iver G

roups have w
ell-developed 

karst solution features (sinkholes and caves) through 
out m

uch of their outcrop area.

T
he youngest M

ississippian rocks in the basin 
are the W

est B
aden and Stephensport G

roups. 
B

oth 
groups are com

posed of shale, sandstone, and lim
e 

stone; how
ever, the W

est B
aden G

roup is dom
inated 

by shale and sandstone. 
T

he W
est B

aden G
roup is 

100 to 120 ft thick in the E
ast Fork W

hite R
iver 

basin, and the Stephensport G
roup is 130 to 150 ft 

thick (G
ray and others, 1985). 

T
he W

est B
aden and 

Stephensport G
roups underlie the eastern half of the 

C
raw

ford U
pland. 

A
n erosional surface w

ith as 
m

uch as 150 ft of local relief (Shaver and others, 
1986, p. 86) m

arks the M
ississippian-Pennsylvanian 

boundary.

Pennsylvanian rocks above the erosional 
surface include the R

accoon C
reek G

roup and the 
C

arbondale G
roup. T

hey are found in a sm
all area in 

the far southw
estern corner of the basin (fig. 62). T

he 
R

accoon C
reek G

roup is 150 to 500 ft thick and is 
95 percent shale and sandstone, the rem

ainder con 
sisting of clay, coal, and lim

estone (Shaver and 
others, 1986, p. 120-121). 

Shale is m
ore com

m
on 

than sandstone in the R
accoon C

reek G
roup, even 

though a 50- to 185-ft-thick sandstone, the M
ansfield 

Form
ation, is at the base (Shaver and others, 1986, 

p. 87 and 121). 
T

he youngest rocks in the basin are 
in the C

arbondale G
roup. 

T
he group is com

posed 
m

ostly of shale and sandstone, but it contains som
e 

thin, but laterally extensive, lim
estone beds and 

econom
ically im

portant coal beds (Shaver and others, 
1986, p. 27). 

T
he C

arbondale G
roup is typically less 

than 300 ft thick in the basin.

T
he geologic record from

 the end of the Penn 
sylvanian Period to the Q

uaternary Period is m
issing. 

T
his hiatus could represent either a nondepositional 

period or sedim
ents that w

ere deposited and later 
eroded. 

A
t the beginning of the Q

uaternary period, 
preglacial rivers draining the eastern half of the E

ast 
Fork W

hite R
iver basin flow

ed southw
est dow

n the 
bedrock slope and into the low

land developed on the 
N

ew
 A

lbany Shale (Scottsburg L
ow

land). 
T

hese 
preglacial rivers drained into one river, w

hich flow
ed 

south along the low
land. 

N
ear Seym

our, this prede 
cessor of the E

ast Fork W
hite R

iver turned w
est 

through a low
 gap in the escarpm

ent separating the 
Scottsburg L

ow
land from

 the N
orm

an U
pland. 

T
he

m
ain difference betw

een preglacial and postglacial 
drainage in the eastern half of the basin, is the thick 
deposits of glacial drift now

 filling the Scottsburg 
L

ow
land. 

M
ost of the w

estern half of the basin is 
unglaciated, and the present-day drainages are sim

ilar 
to those of preglacial tim

e except for raised channel 
levels caused by the addition of valley fill.

T
he bedrock surface in the far northeastern part 

of the basin, in H
enry C

ounty and northern R
ush 

C
ounty, indicates a north-flow

ing preglacial stream
. 

T
his buried bedrock valley is part of the L

afayette 
B

edrock V
alley System

 (fig. 7). 
H

ydrogeologic 
sections 9F

-9F
' and 9J-9J' (fig. 64) show

 relief on 
the buried bedrock surface exceeding 300 ft in north 
eastern H

enry C
ounty.

U
nconsolidated D

eposits

M
ore than tw

o-thirds of the E
ast F

ork W
hite 

R
iver basin w

as glaciated during the Pleistocene 
Period. 

Pre-W
isconsinan glaciers covered the north 

eastern tw
o-thirds and the extrem

e dow
nstream

 end 
of the basin (fig. 61). 

W
isconsinan ice overrode the 

earlier glacial deposits in the northeastern one-third 
of the basin. 

T
hree general areas characterized by 

different types of surficial deposits are (1) the ungla 
ciated part of the basin, (2) the glaciated area south of 
the W

isconsinan glacial boundary, and (3) the glaci 
ated area north of the W

isconsinan glacial boundary 
(fig- 61).

T
he unglaciated part of the basin is in the 

w
estern one-third but excludes the far dow

nstream
 

end. 
U

nconsolidated deposits in the unglaciated area 
are m

ostly soils that have developed on the under 
lying bedrock. 

E
xposed bedrock types include silt- 

stone, shale, carbonate rock, and sandstone. R
esidual 

reddish-brow
n soils developed on the carbonate 

rocks can be as thick as 50 ft (G
ray, 1989). 

M
ost of 

the area how
ever, is covered by thin deposits of soils 

and loess that are generally from
 5 to 20 ft thick 

(fig. 63). 
E

xceptions to this are the valley-train 
outw

ash deposits along the E
ast Fork W

hite R
iver 

and Salt C
reek w

here thicknesses of silt, sand, and 
alluvium

 can be as m
uch as 100 ft. 

(See hydrogeo- 
logic section 9B

-9B
', fig. 64.)

T
he central one-third of the basin and the far 

w
estern part w

ere glaciated only by pre-W
isconsinan 

glaciers (fig. 61). 
T

he pre-W
isconsinan glaciated 

area is m
antled by a com

plex m
ix of deposits. 

Stream
s have exposed bedrock in m

any places 
throughout the pre-W

isconsinan part of the E
ast Fork 

W
hite R

iver basin (G
ray, 1989). D

rift overlying the 
bedrock throughout m

uch of the area is a deeply 
w

eathered loam
 to sandy-loam

 till of the Jessup 
Form

ation, the oldest Pleistocene unit recognized in 
Indiana (Schneider and G

ray, 1966, p. 23). 
C

om
 

prised of tw
o till m

em
bers of pre-W

isconsinan age, 
the Jessup Form

ation is typically only a few
 tens of 

feet thick and rests directly on bedrock (Schneider 
and G

ray, 1966, p. 23). 
O

verlying bedrock and older 
till in som

e areas is a poorly stratified com
bination of 

w
eathered bedrock, sand, silt, and loess that has 

accum
ulated by m

ass w
asting, stream

 deposition, and 
w

indblow
n deposition (G

ray, 1989).

In general, the U
nconsolidated deposits in the 

central one-third of the basin are less than 50 ft thick 
(fig. 63). 

E
xceptions can be found along the E

ast 
Fork W

hite R
iver and part of the M

uscatatuck R
iver, 

w
here thicknesses range from

 50 to m
ore than 100 ft. 

T
he E

ast Fork W
hite R

iver flow
s in a 3-m

i-w
ide 

glacial drainagew
ay. 

T
his drainagew

ay w
as filled 

w
hen outw

ash from
 W

isconsinan and pre-W
iscon 

sinan glaciers w
as deposited in the river valley. 

R
ecent alluvial deposits of silt, sand, and gravel 

overlie the outw
ash sand and gravel. 

Sand dunes and 
blanket sand deposits are present along the eastern 
side of the E

ast Fork W
hite R

iver channel in B
artho 

lom
ew

 and Jackson C
ounties.

T
he northern one-third of the basin w

as ini 
tially glaciated by pre-W

isconsinan glaciers that 
deposited thick tills and som

e outw
ash of the Jessup 

Form
ation. D

uring the W
isconsinan A

ge, loam
 till of 

the T
rafalgar Form

ation w
as deposited in the basin. 

T
he W

isconsinan tills w
ere deposited by the H

uron- 
E

rie ice lobe (fig. 8), w
hich advanced out of the L

ake 
H

uron and L
ake E

rie basins to the northeast. 
D

uring 
the W

isconsinan A
ge, ice advanced and retreated 

from
 the basin on several occasions, form

ing 
m

oraines. T
he Shelbyville M

oraine form
s part of the 

eastern boundary of the basin (fig. 61) and represents

E
ast Fork W

hite R
iver B

asin 
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Y

the furthest W
isconsinan advance into the E

ast Fork 
W

hite R
iver basin. T

he Shelbyville M
oraine is w

ell 
developed and low

-lying, w
ith only about 20 ft of 

relief (Schneider and G
ray, 1966, p. 10). 

T
he 

C
raw

fordsville M
oraine is also present in the basin, 

but it is not as w
ell developed (fig. 61). T

he thick 
ness of the W

isconsinan drift ranges from
 0 to 150 ft 

and is typically 20 to 50 ft (Schneider and G
ray, 

1966, p. 20). Till generally thickens northw
ard in the 

basin.T
he total thickness of all unconsolidated 

deposits in the northeastern one-third of the basin 
ranges from

 0 to m
ore than 400 ft (fig. 63). Substan 

tial deposits of sand and gravel are located along or 
near Sugar C

reek, the B
ig B

lue R
iver, the Flatrock 

R
iver, and in several abandoned channels. 

T
hese 

deposits consist of glacial outw
ash and recent stream

 
deposits (N

ym
an and Pettijohn, 1971, p. 24). T

he 
thickest unconsolidated deposits are in buried 
bedrock valleys and consist of till interbedded w

ith 
sand and gravel. T

he deepest valley is in the north 
eastern part of the basin. (See hydrogeologic sections 
9F

-9F
' and 9J-9J', fig. 64.)

A
quifer Types

Ten hydrogeologic sections (9A
-9A

' to 9J-9J', 
fig. 64) w

ere constructed for this atlas to depict 
aquifer types in the East Fork W

hite R
iver basin. 

H
ydrogeologic sections 9A

-9A
' to 9F

-9F
' are 

oriented south-north, w
hereas hydrogeologic sections 

9G
-9G

' to 9J-9J' are oriented w
est-east (fig. 60). 

A
lm

ost 620 w
ell logs w

ere used to construct the 
sections; average density of logged w

ells plotted 
along the sections is 1.2 w

ells per m
ile. Inform

ation 
from

 the follow
ing authors aided in interpretation of 

w
ell logs and construction of hydrogeologic sections: 

Pinsak (1957); Sullivan (1972); B
assett and H

asen- 
m

ueller (1979, 1980); B
assett and K

eith (1984); 
H

asenrnueller and B
assett (1979, 1980); G

ray (1982, 
1983, 1989); G

ray and others (1987); and K
eller 

(1990).

East Fork W
hite R

iver B
asin 
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ap, 1:500,000,1974

Figure 63. Thickness of unconsolidated deposits in the East Fork W
hite R

iver basin.
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A
 m

ap show
ing the extent of aquifers in the 

E
ast Fork W

hite R
iver basin (fig. 65) w

as con 
structed. The aquifer m

ap depicts seven different 
aquifer types in the basin: 

(1) surficial sand and 
gravel; (2) buried sand and gravel; (3) discontinuous 
sand and gravel; (4) carbonate rocks; (5) com

plexly 
interbedded sandstone, shale, lim

estone, and coal; 
(6) sandstone; and (7) an upper w

eathered zone in 
siltstone and shale. The aquifer m

ap w
as constructed 

from
 the w

idely-spaced hydrogeologic sections and 
reports listed in the previous studies section.

The principal unconsolidated aquifers in the 
E

ast Fork W
hite R

iver basin are associated w
ith the 

glacial drift and outw
ash deposits along the m

ajor 
rivers. A

ll buried sand and gravel deposits are in the 
northern one-third of the basin, w

hereas discon 
tinuous sand and gravel aquifers are concentrated 
into four areas show

n in figure 65. Surficial sand and 
gravel deposits are adjacent to the m

ain rivers 
throughout the basin. The principal source of w

ater 
in the bedrock is the carbonate rocks, w

hich underlie 
about tw

o-thirds of the basin. E
xcept along a 

1,000-m
i2 northw

est-trending band of shales and 
siltstones in the central part of the basin, w

ell yields 
are generally adequate for dom

estic and stock needs. 
Locally, especially in the outw

ash sand and gravel 
deposits, yields are sufficient for m

unicipal and 
industrial needs. D

etails about each aquifer type are 
listed in table 11.

U
nconsolidated A

quifers

Three types of unconsolidated sand and gravel 
aquifers are m

apped in the E
ast Fork W

hite R
iver 

basin: 
surficial outw

ash deposits located adjacent to 
som

e of the m
ajor rivers; buried sand and gravel; and 

discontinuous sand and gravel, including surficial and 
buried deposits (fig. 65). In general, w

here a sur 
ficial sand and gravel aquifer or buried sand and 
gravel aquifer is m

apped, it is the prim
ary aquifer in 

that area.

Surficial Sand and G
ravel A

quifers

M
ajor surficial sand and gravel aquifers are 

adjacent to the East Fork W
hite R

iver in Jackson and

B
artholom

ew
 C

ounties and upstream
 from

 the 
confluence along Sugar C

reek, the B
ig B

lue R
iver, 

and the Flatrock R
iver (fig. 65). The surficial sand 

and gravel is prim
arily Q

uaternary outw
ash and 

sm
aller am

ounts of recent stream
 deposits, w

ind 
blow

n sand, and Q
uaternary ice-contact stratified 

sand and gravel in isolated hills and ridges (G
ray, 

1989). In the northern one-third of the basin, surficial 
sand and gravel thickness along Sugar C

reek, 
B

randy w
ine C

reek, the B
ig B

lue R
iver and the 

Flatrock R
iver generally ranges from

 10 to 40 ft 
(N

ynian and Pettijohn, 1971, p. 24). Surficial 
deposits attain a m

axim
um

 saturated thickness of 
120 ft and a w

idth of m
ore than 5 m

i just north of 
C

olum
bus (W

atkins and H
eisel, 1970, pi. 1). South 

of C
olum

bus, in the central one-third of the basin, 
surficial aquifers are 2 to 4 rni w

ide w
ith 20 to 100 ft 

of saturated thickness (Planert and Tucci, 1979, p. 8). 
A

ll surficial deposits in the w
estern one-third of the 

E
ast Fork W

hite R
iver basin are along the E

ast Fork 
W

hite R
iver, Salt C

reek, and the L
ost R

iver. The 
outw

ash deposits along the E
ast Fork W

hite R
iver 

narrow
 to less than 1 m

i and less than 100 ft in 
thickness. 

Southw
est of Shoals, Ind., the outw

ash 
aquifer is usually less than 50 ft thick and contains 
m

ore fine sand and less gravel (N
yrnan and Pettijohn, 

1971, p. 24). A
lthough, by definition, the m

apped 
surficial sand and gravel aquifer is w

ithin 10 ft of the 
land surface, the aquifer is deeper in places.

A
long the river valleys containing surficial 

sand and gravel, infiltration rates are high, and a large 
am

ount of the average annual 40 in/yr of precipi 
tation reaches the w

ater table. In B
artholom

ew
 

C
ounty, recharge rates to the surficial sand and gravel 

are approxim
ately 15 to 18 in/yr (Jack W

hitm
an, 

Indiana U
niversity, oral cornniun., 1992). H

orizontal 
hydraulic conductivity of the outw

ash aquifer in 
B

artholom
ew

 C
ounty ranges from

 200 to 800 ft/d and 
averages 470 ft/d (W

atkins and H
eisel, 1970, 

p. 6-7). Transm
issivity as high as 67,000 ft2/d is 

reported by W
atkins and H

eisel (1970, p. 1). The 
outw

ash valleys are the m
ajor ground-w

ater dis 
charge areas for the basin. 

M
ost of the ground w

ater 
in the surficial sand and gravel flow

s into, and 
contributes to, the base flow

 of the rivers w
ithin the 

valleys (W
atkins, 1964, table 1; N

yrnan and W
atkins,

East Fork W
hite River Basin 
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1965a, table 1; 1965b, table 1). G
round w

ater con 
tributes about 0.75 ft3/s per m

ile of river reach to the 
B

ig B
lue R

iver and Sugar C
reek during base flow

. 
Further dow

nstream
 along the E

ast Fork W
hite R

iver 
from

 C
olum

bus to Seym
our, base-flow

 discharge is 
about 1.0 ft3/s per m

ile of reach (N
ym

an and 
Pettijohn, 1971, p. 28). A

ccording to N
yrnan and 

Pettijohn (1971, p. 27), this reach of river from
 

C
olum

bus to Seym
our has the greatest potential for 

ground-w
ater developm

ent in the basin. G
round- 

w
ater yields in the surficial sand and gravel aquifers 

can be greater than 1,000 gal/m
in. In general, prop 

erly constructed w
ells w

ithin these aquifers are able 
to produce several hundred gallons per m

inute or 
m

ore (B
echert and H

eckard, 1966, p. 108-123; 
N

ym
an and Pettijohn, 1971, p. 24).

B
uried Sand and G

ravel A
quifers

Form
ing general horizons in the drift, buried 

sand and gravel aquifers are found in laterally con 
tinuous deposits covered by m

ore than 10 ft of non- 
aquifer m

aterial. 
B

uried aquifers underlie about one- 
sixth of the basin, prim

arily in H
enry, H

ancock, 
Shelby, and Johnson C

ounties (fig. 65). B
uried 

aquifers are show
n in the w

est end of hydrogeologic 
sections 9H

-9H
' to 9J-9J' and the north end of 

hydrogeologic sections 9E
-9E

' and 9F
-9F

' (fig. 64).

In the E
ast Fork W

hite R
iver basin, m

ultiple 
buried aquifers are com

m
only found at different hori 

zons in the thick drift. Som
e of the buried aquifers in 

the E
ast Fork W

hite R
iver basin correspond to buried 

aquifers reported in several previous studies of the 
adjacent W

hite R
iver basin (L

apham
, 1981; A

rihood, 
1982; A

rihood and L
apham

, 1982). For exam
ple, 

A
rihood and L

apham
 (1982) identified the tops of 

four buried aquifers in northern H
enry C

ounty at 
altitudes of 900 ft, 960 ft, 1,000 ft, and 1,040 ft above 
sea level. T

hese aquifers can be traced south into the 
E

ast Fork W
hite R

iver basin in the northern part of 
section 9F

-9F
' (fig. 64).

Just as several of the buried sand and gravel 
aquifers continue across the basin divides, ground- 
w

ater flow
 also crosses the divides. In hydrogeologic 

section 9E
-9E

' (fig. 64), the ground-w
ater divide for 

the buried aquifers (T. 16 N
.) is about 6 m

i south of
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the surface-w
ater divide betw

een the W
hite and E

ast 
Fork W

hite R
iver basins. 

G
round w

ater flow
s north 

under the surface-w
ater divide tow

ard Fall C
reek 

(located in the W
hite R

iver basin, fig. 54), w
hich is 

entrenched about 50 ft deeper than the headw
aters of 

Sugar C
reek.

In general, recharge to the buried sand and 
gravel is from

 ground-w
ater flow

 through overlying 
tills and other confining units. In the upstream

 
reaches of m

any of the rivers, som
e of the river w

ater 
and shallow

 ground w
ater probably flow

s dow
nw

ard 
to recharge the buried sand and gravel (W

atkins, 
1964, table 1; N

ym
an and W

atkins, 1965a, table 1; 
1965b, table 1). M

uch of the ground w
ater probably 

flow
s tow

ard m
ajor river valleys, w

here it discharges 
into the rivers. G

round-w
ater yields to w

ells in 
buried sand and gravel aquifers generally range from

 
about 10 to several hundred gallons per m

inute 
(C

lark, 1980, p. 33).
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Figure 64. H
ydrogeologic sections 9/4-9/4' to 9

J
-9

J
' of the E

ast Fork W
hite R

iver basin C
ontinued.
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Several buried bedrock valleys in the north 
eastern part of the basin contain buried sand and gravel 
aquifers. L

ocated in northeastern R
ush C

ounty and 
southern H

enry C
ounty (fig. 63), these buried valleys 

can be seen in hydrogeologic sections 9F
-9F

' and 
9J-9J' (fig. 64). N

early 500 ft of drift overlies the 
deepest parts of these valleys. G

enerally, adequate 
supplies of ground w

ater can be found in the buried 
sands and gravels w

ithin the upper half of the valley fill. 
T

he low
er half is predom

inately nonaquifer m
aterial.

D
iscontinuous S

and and G
ravel A

quifers

Sm
all, discontinuous lenses of sand and 

gravel, either buried in general stratigraphic horizons 
or form

ing a basal deposit on the bedrock surface 
form

 discontinuous sand and gravel aquifers. 
In the 

E
ast Fork W

hite R
iver basin, the area underlain by 

discontinuous sand and gravel aquifers is generally 
south of the m

ore continuous buried sand and gravel 
aquifers (fig. 65). 

T
he discontinuous sand and 

gravel aquifers in R
ush C

ounty and parts of H
enry,

M
arion, and Johnson C

ounties are typically present 
in m

ultiple layers. South of southern Shelby C
ounty, 

unconsolidated deposits thin, and a discontinuous 
basal sand is generally the only unconsolidated 
aquifer present. 

Som
e discontinuous sand deposits 

can be found along the M
uscatatuck R

iver and its 
tributaries. 

T
hese sand deposits are generally very 

fine grained and can pass through w
ell screens. 

A
nother area of discontinuous sand and gravel is 

w
ithin a buried valley south of the E

ast Fork W
hite

R
iver in Pike and D

ubois C
ounties (southern end of 

section 9A
-9A

', fig. 64). 
T

his buried valley is m
ore 

than 150 ft deep. 
In preglacial tim

es, the valley 
drained an area now

 partially drained by the Patoka 
R

iver. A
lthough discontinuous sand and gravel 

aquifers can not supply large volum
es of w

ater, they 
can be an im

portant resource w
here they are the only 

source. 
In the northern part of the basin, dom

estic 
yields are generally available, and yields as high as a 
100 gal/m

in are reported.
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T
he m

ost w
idespread aquifers in the E

ast Fork 
W

hite R
iver basin are carbonate aquifers, w

hich 
underlie about three-fourths of the basin. A

lthough 
lim

estone and dolom
ite are not considered highly 

perm
eable, solution of the carbonate rock along joints 

and bedding planes by infiltrating precipitation can 
significantly increase the perm

eability of the form
a

tions and the availability of ground w
ater. For pur 

poses of discussion, the carbonate bedrock aquifers in 
the East Fork W

hite R
iver basin are divided into three 

groups: thin (5 to 30 ft) M
ississippian lim

estone aqui 
fers, a thick (350 to 500 ft) M

ississippian carbonate 
bedrock aquifer, and a Silurian-D

evonian carbonate 
bedrock aquifer.

T
he stratigraphic relation of the M

ississippian 
carbonate bedrock aquifers to the Silurian-D

evonian 
carbonate bedrock aquifer can be seen in hydrogeo- 
logic section 9G

-9G
' (fig. 64). T

hin M
ississippian 

carbonate aquifers in the far w
estern part of the hydro- 

geologic section are interbedded w
ithin sandstones, 

shales, and lim
estones. T

hese are underlain by the 
thick M

ississippian carbonate bedrock aquifer. U
nder 

lying this aquifer and overlying the Silurian-D
evonian 

carbonate bedrock aquifer are approxim
ately 800 ft of 

siltstone and shale. T
he Silurian-D

evonian carbonate 
aquifer is confined at its low

er boundary by nearly 
im

perm
eable O

rdovician shale and lim
estone.

The thin M
ississippian lim

estones are the least 
im

portant carbonate bedrock aquifers. T
hey are also 

the youngest M
ississippian lim

estones. 
They are 

exposed at the bedrock surface in a 15-m
i-w

ide band 
along the w

estern edge of the carbonate bedrock aqui 
fers in M

artin C
ounty (fig. 65). T

hese thin aquifers are 
show

n w
ithin 150 ft of the land surface in hydrogeo- 

logic section 9B
-9B

', and in R
. 3 W

. of section 
9G

-9G
' (fig. 64). T

hey are interbedded w
ith sand 

stone aquifers and com
plexly interbedded sandstone, 

shale, and lim
estone deposits. The m

ost im
portant thin 

M
ississippian lim

estone aquifers are w
ithin the 

Stephensport G
roup and include the B

eech C
reek 

Lim
estone, the H

aney L
im

estone, and the G
len D

ean 
L

im
estone. The B

eech C
reek L

im
estone is labeled on 

hydrogeologic section 9B
-9B

' (fig. 64). G
round w

ater 
m

oves along fractures, bedding planes, and solution 
openings w

ithin these lim
estone beds. Y

ields are 
highly variable and range from

 0 to 15 gal/m
in.

The thick M
ississippian carbonate bedrock 

aquifer underlies the com
plexly interbedded sand 

stone, shale, lim
estone, and coal deposits and the thin 

M
ississippian lim

estone aquifers. The thick carbonate 
bedrock aquifer is 350 to 500 ft thick and consists of

the B
lue R

iver G
roup and Sanders G

roup. 
The aqui 

fer, found in the southw
estern one-third of the basin, is 

used prim
arily in O

range, w
estern M

onroe, southern 
and w

estern L
aw

rence, and w
estern W

ashington 
C

ounties (fig. 65). T
he aquifer is show

n in the sub 
surface in hydrogeologic section 9B

-9B
', the southern 

half of section 9C
-9C

', and the w
estern end of section 

9G
-9G

' (fig. 64).

The thick M
ississippian carbonate bedrock 

aquifer is com
posed prim

arily of relatively pure lim
e 

stone, w
hich is soluble in infiltrating precipitation. 

C
arbonate dissolution has enlarged openings, form

ing 
underground channels w

ithin the aquifer. Typical 
w

ell yields are 1 to 50 gal/m
in but can be as large as 

100 gal/m
in. The low

erm
ost 100 ft of the carbonate 

rocks, just above the B
orden G

roup, produces very 
little w

ater (0 to 1 gal/m
in). (See hydrogeologic sec 

tion 9G
-9G

', R
s. 1 W

. and 1 E., fig. 64.)

T
he thick M

ississippian carbonate bedrock 
aquifer is confined above by low

 perm
eability inter 

bedded sandstone, shale, and lim
estone and below

 by 
nearly im

perm
eable siltstones. M

ost recharge 
probably enters the aquifer from

 direct infiltration of 
precipitation. B

ecause of the high perm
eability of the 

fractured lim
estones, ground-w

ater flow
 can be rapid. 

D
ye-trace m

easurem
ents of ground-w

ater flow
 

velocity through karst terrain range from
 0.03 to 

0.21 m
i/h, and ground-w

ater gradients range from
 13 

to 37 ft/m
i (R

uhe, 1975, p. 34-35). G
round-w

ater 
levels in karst terrains m

ay fluctuate rapidly because of 
high flow

 rates through the joint system
 and low

 
storage capacities of the aquifers (G

ray and others, 
1960, p. 51). R

uhe (1975, p. 63) reported a w
ater-level 

change of 24.5 ft in 36 hours in a sinkhole w
ithin the 

carbonate bedrock aquifer. M
ost of the ground w

ater 
in the thick M

ississippian carbonate bedrock aquifer 
probably flow

s to the m
ajor rivers in the area (E

ast 
Fork W

hite R
iver, L

ost R
iver, and Indian C

reek). 
Som

e of the ground-w
ater flow

 discharges to under 
ground rivers and springs.

M
ineralized springs at French L

ick and W
est 

B
aden (fig. 60) have been used for health spas for 

nearly 150 years. H
ighly m

ineralized sulfur w
ater or 

"Pluto W
ater" em

anates through M
ississippian

sandstones from
 the thick M

ississippian carbonate 
bedrock aquifer below

. M
uch of the ground w

ater 
com

es from
 deep w

ithin the carbonate aquifer. Sulfate 
in the spring w

ater at French L
ick com

es from
 gypsum

 
beds in the St. Louis L

im
estone (base of the B

lue 
R

iver G
roup) that are 350 to 400 ft below

 land surface 
(H

ill, 1986, p. 6). There are also m
ineral springs at 

T
rinity Springs and Indian Springs, approxim

ately 
1 m

i w
est of hydrogeologic section 9B

-9B
', T. 4 N

. 
(fig. 64). A

t Trinity and Indian Springs, ground w
ater 

also flow
s up from

 deep w
ithin the thick carbonate 

bedrock aquifer (H
ill, 1986, p. 7)

T
he Silurian-D

evonian carbonate bedrock 
aquifer is the m

ost w
idely used of the carbonate 

bedrock aquifers. It underlies the eastern half of the 
basin and is used extensively, especially w

here uncon- 
solidated deposits are thin. It is the prim

ary aquifer in 
an area that includes Jefferson, Jennings, D

ecatur, 
eastern B

artholom
ew

, southern Shelby, and southern 
R

ush C
ounties (fig. 65). The Silurian-D

evonian 
aquifer is show

n in hydrogeologic sections 9D
-9D

' 
to 9J-9J' (fig. 64). The perm

eability of the Silurian- 
D

evonian carbonate rocks results from
 fracturing and 

subsequent solution activity along fractures and bed 
ding planes (fig. 9).

The Silurian-D
evonian carbonate bedrock 

aquifer is com
posed of lim

estone, dolostone, and som
e 

shale, and ranges from
 50 to 250 ft in thickness in its 

principal area of use. (See the eastern carbonate 
bedrock aquifer area in fig. 65.) The W

aldron Shale 
separates the Silurian-D

evonian carbonate bedrock 
aquifer into an upper and a low

er carbonate bedrock 
aquifer sequence. The upper sequence has a m

uch 
higher perm

eability than the low
er sequence (G

ree- 
m

an, 1981, p. 12). In particular, one unit in the upper 
sequence, the G

eneva D
olom

ite M
em

ber of the 
M

uscatatuck G
roup, is com

m
only tapped for w

ater 
supply. H

ydrogeologic section 9E
-9E

' (fig. 64) show
s 

how
 reliable this form

ation is for w
ater supply; m

ore 
than half of the plotted w

ells are com
pleted near the 

base of the D
evonian M

uscatatuck G
roup rocks. T

he 
G

eneva D
olom

ite M
em

ber is a vuggy, sugary - 
textured dolostone com

m
only logged as sandstone by 

drillers.
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The area in the extrem
e southeastern part of the 

basin (R
ipley C

ounty and eastern D
ecatur, Jennings, 

and Jefferson C
ounties) is m

apped as "carbonate 
bedrock aquifer potential unknow

n" because m
any 

drilled holes in the area are dry (fig. 65). This area is 
underlain by the low

er carbonate bedrock aquifer 
sequence, w

hich includes the Salam
onie D

olom
ite and 

B
rassfield Lim

estone (G
reem

an, 1981, p. 10). These 
rocks are unproductive aquifers because of a siliceous 
cap on the Salam

onie D
olom

ite that is resistant to 
erosion and solution activity (G

reernan, 1981, p. 10- 
11). Som

e drillers in the area locate ground-w
ater 

drilling sites on lineam
ents and fracture traces that 

have been m
apped from

 aerial photographs. M
apped 

lineam
ents and fracture traces indicate solution-

enlarged fractures in the bedrock that transport ground 
w

ater. These features are rnappable through the 30 to 
50 ft of till, w

hich is com
m

on in this area. The inter 
section of tw

o lineam
ents increases the chances that a 

w
ell w

ill produce sufficient w
ater for dom

estic use 
(G

reernan, 1981 and 1983).

The w
estern boundary of the Silurian-D

evonian 
carbonate bedrock aquifer (near hydrogeologic section 
9D

-9D
') w

as arbitrarily draw
n w

here the top of the 
aquifer dips to m

ore than 300 ft below
 the land sur 

face. This boundary does not necessarily reflect the 
full extent of the aquifer as a w

ater resource, but is a 
general boundary w

here the aquifer is not easily acces 
sible because of depth. Several w

ells tap the aquifer at 
depths greater than 300 ft w

here there is no adequate 
supply of ground w

ater above it. Show
n in hydrogeo 

logic section 9D
-9D

' (fig. 64) are seven w
ells that 

penetrate 300 to 450 ft of rock above the aquifer. 
R

eported pum
p rates from

 these seven w
ells range 

from
 2 to 150 gal/rnin; all but one w

ell yields greater 
than 5 gal/m

in. W
ithin the boundary of the m

apped 
Silurian-D

evonian carbonate bedrock aquifer, reported 
pum

p rates rarely exceed 100 gal/rnin and are typically 
5 to 25 gal/rnin.

R
echarge to the Silurian-D

evonian aquifer is 
principally from

 infiltration of precipitation, although 
som

e recharge from
 stream

s occurs w
hen ground- 

w
ater levels are low

er than stream
 levels. A

n exam
ple 

of this dow
nw

ard infiltration can be seen in hydrogeo 
logic section 9D

-9D
', T. 12 N

. (fig. 64), w
here w

ater 
levels in the bedrock are 50 ft to m

ore than 100 ft 
low

er than w
ater levels in the unconsolidated deposits. 

This area is near the basin divide, w
here the greatest 

dow
nw

ard gradients are expected.

Som
e ground w

ater in the East Fork W
hite 

R
iver basin discharges to rivers that are not in this 

basin because the surface-w
ater divide is not the sam

e 
as the ground-w

ater divide. A
long the northw

estern 
side of the basin, ground w

ater flow
s northw

est under 
the basin divide and discharges tow

ard W
hite R

iver 
and Fall C

reek (fig. 54). These tw
o rivers in the W

hite 
R

iver basin are entrenched deeper than any of the 
rivers in the northern part of the East Fork W

hite R
iver 

basin and, therefore, are able to divert ground w
ater

East Fork W
hite R

iver B
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Figure 64. H
ydrogeologic sections 9A

-9A
' 

to 9
J-9

J' of the East Fork W
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iver 
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across the basin boundary. A
n exam

ple of ground 
w

ater crossing the basin boundary can be seen on 
hydrogeologic section 91-91' (fig. 64), w

here bedrock 
w

ater-level elevations decline w
estw

ard and are 
below

 m
ost of the local stream

s. G
round w

ater in the 
carbonate bedrock aquifer flow

s tow
ard the W

hite 
R

iver, about L1 m
i w

est of the transect show
n in this 

figure. In hydrogeologic section 9E
-9E

' (fig. 64), 
ground w

ater in the carbonate bedrock aquifer flow
s 

north out of the basin tow
ard Fall C

reek and the W
hite 

R
iver. R

egional flow
 from

 this aquifer m
ay discharge 

into the M
aum

ee R
iver (fig. 1) (G

reem
an, 1991).

C
om

plexly Interbedded Sandstone, Shale, Lim
estone, 

and C
oal A

quifers

A
quifers w

ithin the com
plexly interbedded 

M
ississippian and Pennsylvanian rocks are not 

m
apped as individual lithologies because of the 

com
plex and discontinuous nature of the deposits. 

D
eposited in m

arine and nonm
arine environm

ents,

these com
plex deposits are com

posed of sandstone, 
shale, lim

estone, and coal. They are found in a 
500-m

i2 area at the southw
estern end of the basin 

(fig. 65), and they are show
n in hydrogeologic sec 

tions 9A
-9A

' and 9B
-9B

' (fig. 64).

The com
plex m

aterial show
n in hydrogeologic 

section 9A
-9A

' (fig. 64) is Pennsylvanian bedrock 
and consists of the R

accoon C
reek G

roup and the 
low

er part of the C
arbondale G

roup (Lloyd Purer, 
Indiana G

eological Survey, w
ritten com

m
un., 1990). 

The com
plex Pennsylvanian bedrock is com

posed 
prim

arily of shale and sandy shale that contains 
num

erous coal beds and m
inor sandstone and lim

e 
stone beds. The com

plex bedrock in hydrogeologic 
section 9A

-9A
' is show

n as "aquifer potential 
unknow

n." A
lthough m

ost w
ells are com

pleted in 
sandstone, the com

plex m
aterial is w

ater bearing only 
in places. M

ississippian rocks are less than 100 ft 
below

 the bottom
 of the hydrogeologic section 

9A
-9A

' (fig. 64).
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Table 11. 
C

haracteristics of aquifer types in the East Fork W
hite R

iver basin
[>. greater than; <, less than: locations of aquifer types show

n in fig. 65]

A
quifer type

Surficial sand and gravel

B
uried sand and gravel

D
iscontinuous sand and gravel

C
arbonate bedrock

Thin M
ississippian lim

estone

T
hick M

ississippian carbonate

U
pper D

evonian and 
Silurian sequence

L
ow

er Silurian sequence

C
om

plexly interbedded

T
hickness 
(feet)

10-100

10- 
50

5- 
50

5- 
30

350-550

100- 225

50- 
60

highly variable6

R
ange of yield 
(gallons per 

m
inute)

ll2-310-> 1.000

!'210- 
200

<20

<15

1- 
50

5- 
50

0- 
25

<15

C
om

m
on nam

e(s)

O
utw

ash, alluvium
, valley train3'4

G
len D

ean, H
aney, and B

eech 
C

reek L
im

estones5

B
lue R

iver and Sanders G
roups5

M
uscatatuck G

roup, W
abash 

Form
ation, and L

ouisville 
L

im
estone5

Salarnonie D
olom

ite and 
B

rassfield L
im

estone5

C
arbondale, R

accoon C
reek,

sandstone, shale, lim
estone, 

and coal

Sandstone

U
pper w

eathered bedrock

10-150

7<150

Stephensport, and W
est B

aden 
G

roups5

1- 
50 

M
ansfield and B

ig C
lifty 

Form
ations5

0- 
5 

B
orden G

roup and N
ew

 A
lbany 

Shale5

'B
echert and H

eckard, 1966.
2C

lark, 1980.
3N

ym
an and Pettijohn, 1971.

4W
atkins and H

eisel, 1970.
5Shaver and others, 1986.
6W

ater com
m

only found in thin beds w
ithin com

plexly interbedded unit.
7Thickness represents that w

hich is considered perm
eable, not the thickness of the rock groups or form

ations.
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T
he com

plexly interbedded m
aterial in 

hydrogeologic section 9B
-9B

' (fig. 64) is 
prim

arily M
ississippian sandstone, shale, and 

lim
estone. 

T
he thin B

eech C
reek L

im
estone 

(labeled on hydrogeologic section 9B
-9B

', fig. 64) 
overlies the W

est B
aden G

roup and is the low
est 

m
em

ber of the S
tephensport G

roup. 
M

ost of the 
com

plexly interbedded M
ississippian bedrock is 

show
n as aquifer in hydrogeologic section 9B

-9B
' 

(fig. 64). 
N

um
erous w

ells are com
pleted in the 

com
plexly interbedded M

ississippian bedrock, and 
they produce adequate supplies of w

ater for 
dom

estic needs.

T
he entire sequence of com

plexly inter 
bedded M

ississippian and P
ennsylvanian bedrock 

is m
apped as "aq

u
ifer p

o
ten

tial unknow
n" on the 

aquifer m
ap (fig. 65). 

E
ven though the com

plexly 
interbedded M

ississippian and P
ennsylvanian bed 

rock m
ay be the prim

ary aquifer for m
any house 

holds, the location of productive zones cannot be 
m

apped regionally. 
B

ecause of low
 yields, the 

com
plexly interbedded bedrock aquifer is used 

only w
here other source aquifers are unavailable.

M
ost w

ells in the southw
estern part of the 

basin are open (uncased) below
 the unconsolidated 

cover. 
B

ecause m
any of the w

ells are m
ore than 

300 ft deep, it is difficult to determ
ine w

hich rock 
units supply ground w

ater to the w
ell. 

W
here 

sandstones, lim
estones, or coal are m

apped, they 
usually provide m

ost of the w
ater. 

M
any of the 

w
ells, how

ever, produce w
ater from

 several low
- 

productivity units rather than from
 one prim

ary 
aquifer. 

T
he com

plexly interbedded bedrock, by 
itself, can provide dom

estic supplies of w
ater (as 

m
uch as 15 gal/m

in), but yields are variable.

G
round-w

ater flow
 in the com

plexly inter 
bedded bedrock is probably through thin lim

e 
stone, coal, and sandstone beds. 

G
round w

ater 
w

ithin these aquifers is confined by nearly im
per 

m
eable shales that are com

m
on in the com

plex 
m

aterial. 
D

eep circulation of ground w
ater is 

lim
ited in the com

plexly interbedded bedrock. 
In 

m
any places, ground w

ater is saline at depths of

400 to 500 ft below
 the land surface. 

F
or exam

ple, 
in hydrogeologic section 9A

-9A
' (fig. 64), the 

northernm
ost w

ell produced saline w
ater at about 

400 ft below
 the land surface. 

O
ther w

ell logs 
indicate that the drillers discontinued drilling to 
avoid encountering saline w

ater and losing sm
all 

but usable yields.

S
an

d
sto

n
e A

q
u

ifers

S
andstones are com

m
only used as aquifers in 

the southw
estern quarter of the E

ast F
ork W

hite 
R

iver basin (fig. 65). 
A

ll of the sandstone aquifers 
are w

ithin the com
plexly interbedded bedrock. 

F
orm

ed as blanket sands, channel-fill deposits, and 
isolated lenses, these sandstone aquifers are 25 to 
150 ft thick. 

S
everal sandstone units are used as 

aquifers. 
S

andstone aquifers are m
ore com

m
on in 

the P
ennsylvanian rocks (hydrogeologic section 

9A
-9A

', fig. 64) than in the M
ississippian rocks 

(hydrogeologic section 9B
-9B

', fig. 64). 
M

ost 
sandstone aquifers are w

ithin 300 ft of the land 
surface.M

ore than half of the w
ells in hydrogeologic 

sections 9A
-9A

' and 9B
-9B

' (fig. 64) penetrate 
sandstone aquifers. 

T
he sandstones show

n in 
hydrogeologic section 9A

-9A
' (fig. 64) are all 

from
 the P

ennsylvanian R
accoon C

reek G
roup; 

this group includes the M
ansfield, B

razil, and 
S

taunton F
orm

ations. 
M

ost of the sandstone in 
hydrogeologic section 9B

-9B
' (fig. 64) is from

 the 
M

ississippian B
ig C

lifty F
orm

ation. 
A

 m
em

ber of 
the S

tephensport G
roup, the B

ig C
lifty F

orm
ation 

contains a sandstone that ranges from
 25 to 40 ft in 

thickness.

Y
ields from

 sandstone aquifers generally 
range from

 1 to 50 gal/m
in. 

A
verage yields are 

higher in the P
ennsylvanian sandstones than in the 

M
ississippian sandstones (W

angsness and others, 
1981, p. 34). 

F
or exam

ple, half of the w
ells in the 

P
ennsylvanian sandstones in hydrogeologic sec 

tion 9A
-9A

' (fig. 64) yield greater than 10 gal/m
in, 

w
hereas m

ost of the w
ells in the M

ississippian 
sandstones in hydrogeologic section 9B

-9B
'

(fig. 64) yield less than 10 gal/m
in. 

R
echarge to 

the sandstone aquifers is from
 infiltration of 

precipitation into the sandstones w
here they crop 

out, or by flow
 of ground w

ater into the sandstones 
from

 another perm
eable unit. 

R
echarge is lim

ited 
w

here confining units w
ithin the sandstone restrict 

recharge.

U
p

p
er W

eath
ered

-B
ed

ro
ck A

q
u

ifer

A
lthough not a desirable source, an upper 

w
eathered zone in siltstone and shale is used as an 

aquifer in the central part of the E
ast F

ork W
hite 

R
iver basin. T

his aquifer is at, or near, the bedrock 
surface, w

here a w
eathered zone of siltstone and 

shale bedrock is present. 
T

he siltstone-shale 
bedrock consists of the B

orden G
roup and the N

ew
 

A
lbany Shale. 

T
he upper w

eathered-bedrock aqui 
fer can be seen on the follow

ing hydrogeologic 
sections: 

the northern half of section 9C
-9C

'; 
m

ost of section 9D
-9D

'; the extrem
e southern part 

of section 9E
-9E

'; the central one-third of section 
9G

-9G
'; and the far w

estern part of section 
9H

-9H
' (fig. 64).

T
he upper w

eathered-bedrock aquifer is an 
unproductive source of w

ater in the southern part 
of the E

ast F
ork W

hite R
iver basin but becom

es 
m

ore productive further north. 
O

n the aquifer m
ap 

(fig. 65), only the far northeastern part of the upper 
w

eathered bedrock w
as m

apped as aquifer. 
T

his 
area corresponds to thicker drift. 

Y
ields from

 this 
northeastern area can be as large as 10 gal/m

in, but 
dry holes occur. 

S
outh of this area, the upper 

w
eathered bedrock w

as m
apped as "aq

u
ifer  

potential unknow
n" (fig. 65), rather than as non- 

aquifer, because the w
eathered siltstone-shale is 

the only source of ground w
ater available in

/ ^

approxim
ately 1,000 m

i 
of the basin. 

R
eported 

pum
page rates in this area are generally less than 

1 gal/m
in and rarely exceed 5 gal/m

in. 
O

nly the 
upper 50 to 150 ft of the siltstone and shale bed 
rock is considered to be potentially w

ater bearing.

S
um

m
ary

T
he E

ast F
ork W

hite R
iver basin, located in 

south-central Indiana, has an area of 5,746 m
i 

and 
includes the cities of B

edford, B
loom

ington, 
C

olum
bus, F

ranklin, G
reenfield, G

reensburg, 
L

oogootee, N
ew

 C
astle, N

orth V
ernon, R

ushville, 
Seym

our, and S
helbyville. 

S
even different types of 

aquifers w
ere m

apped in the basin: 
(1) surficial 

sand and gravel; (2) buried sand and gravel; (3) 
discontinuous sand and gravel; (4) carbonate rocks; 
(5) com

plexly interbedded sandstone, shale, lim
e 

stone, and coal; (6) sandstone; and (7) an upper 
w

eathered zone in siltstone and shale.

T
he principal unconsolidated aquifers in the 

basin are the surficial and buried sand and gravel 
deposits located prim

arily w
ithin glacial drift in the 

northern one-third of the basin and in outw
ash 

deposits along som
e of the m

ajor rivers. 
W

here 
these aquifers are present, they are generally the 
prim

ary aquifers for their respective areas. 
Y

ields 
of w

ells that tap these aquifers are adequate for 
m

ost uses and can exceed 1,000 gal/m
in. 

D
iscon 

tinuous sand and gravel lenses are found prim
arily 

in the northern part of the basin w
here W

isconsinan 
glacial deposits are thin (less than 100 ft) and are 
locally an im

portant source of w
ater.

T
he principal bedrock aquifers in the basin 

are carbonate bedrock aquifers, w
hich underlie 

about tw
o-thirds of the basin. 

Y
ields of w

ells that 
tap these aquifers typically range from

 1 to 
25 gal/m

in but can exceed 100 gal/m
in. 

T
he 

carbonate rocks along the southeastern edge of the 
basin yield only sm

all am
ounts of w

ater, and dry 
holes are com

m
on. 

T
he southw

estern part of the 
basin contains sandstone aquifers and com

plexly 
interbedded sandstone, shale, lim

estone, and coal 
aquifers. 

T
hese aquifers are im

portant, because 
they are the only aquifers in the area. 

T
he sm

allest 
yields in this basin are from

 w
ells that tap an upper

w
eathered zone in siltstone and shale, w

hich
^

underlies about 1,000 m
i 

in the central part of the 
basin. 

W
ell yields in this area are generally less 

than 5 gal/m
in, and dry holes are com

m
on.
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G
eneral D

escription

T
he W

hitew
ater R

iver w
ater-m

anagem
ent 

basin is located in southeastern Indiana. 
T

he basin 
extends approxim

ately 75 m
i along the Indiana-O

hio 
State line. Its m

axim
um

 w
idth is approxim

ately 
30 m

i, south of the B
rookville R

eservoir (fig. 66). 
T

he basin encom
passes an area of 1,425 m

i 
and 

includes all of W
ayne and U

nion C
ounties, m

ost of 
Fayette and Franklin C

ounties, and parts of 
R

andolph, H
enry, D

ecatur, and D
earborn C

ounties. 
T

he largest cities in the basin are R
ichm

ond and 
C

onnersville.

Previous Studies

T
he m

ost com
prehensive study of the W

hite- 
w

ater R
iver basin's ground-w

ater resources w
as done 

by the Indiana D
epartm

ent of N
atural R

esources 
(1988). 

Inform
ation on ground-w

ater quality and 
availability, a potentiom

etric-surf ace m
ap, and an 

aquifer-system
 m

ap w
ere included in this study. 

W
olf (1969) presented inform

ation on the hydro- 
geology of the unconsolidated w

ater-bearing units 
and bedrock aquifers, including data on the thickness

and perm
eability of the aquifers, w

ell yields, ground- 
w

ater discharge to stream
s, and w

ater quality. 
R

eports on ground-w
ater availability, quality, bed 

rock topography, and piezom
etric surface for U

nion 
and Fayette C

ounties w
ere prepared by C

lark (1992) 
and R

eynolds (1993), respectively.

Several authors have reported on the ground- 
w

ater resources for the entire State of Indiana. 
H

arrell (1935) w
rote a com

prehensive report on the 
ground-w

ater resources for each county in Indiana. 
B

echert and H
eckard (1966) delineated ground-w

ater 
provinces on the basis of w

ell yields and sources of 
ground w

ater. 
C

lark (1980) exam
ined the different 

types of aquifers and their potential yields.

A
 detailed description of the unconsolidated 

m
aterials for the entire basin w

as presented by 
G

ooding (1963, 1966, 1973, and 1975). G
ruver 

(1984) described the outw
ash deposits along the 

W
hitew

ater R
iver.

Physiography

T
w

o physiographic units are included in the 
W

hitew
ater R

iver basin. T
he T

ipton T
ill Plain, in the 

northern one-third of the basin, is characterized by 
gently rolling topography. In contrast, the southern 
tw

o-thirds of the basin is characterized by bedrock- 
controlled rugged relief of the D

earborn U
pland 

(fig. 67) (Schneider, 1966, p. 42).

T
he glaciated northern part of the basin (T

ipton 
T

ill Plain) is underlain by a m
oderate thickness of 

glacial till (fig. 68), ranging from
 greater than 400 ft 

in a segm
ent of the L

afayette B
uried B

edrock V
alley 

(fig. 7) to less than 50 ft near the southern boundary 
of the T

ipton T
ill Plain. 

H
eadw

ater tributaries of the 
W

hitew
ater R

iver nam
ely, the W

est Fork, G
reens 

Fork, N
olands Fork, and E

ast Fork (fig. 6
6

) are 
incised into the T

ipton T
ill Plain and have local relief 

of greater than 100 ft. 
O

ther geom
orphic features of 

the T
ipton T

ill Plain include m
oraines, kam

es, ice- 
channel fills (eskers), outw

ash plains, and valley 
trains. 

T
he predom

inant features are the m
oraines 

(fig. 67).

E
X

P
LA

N
A

TIO
N

 
 
 
 
      

 
 

W
A

T
E

R
-M

A
N

A
G

E
M

E
N

T
-B

A
S

IN
 B

O
U

N
D

A
R

Y

1
0

A
  1

0
A

' 
T

R
A

C
E

 O
F 

H
Y

D
R

O
G

E
O

LO
G

IC
 S

E
C

T
IO

N
 

(S
e
c
tio

n
s
 sh

o
w

n
 in

 fig
u
re

 7
0
.)

 
 

W
A

T
E

R
-S

U
P

P
L

Y
 W

E
LL

 
 

TE
S

T 
H

O
LE

N

0h
 

0

S
C

A
LE

 1
:5

0
0
.0

0
0
 

5 
1P 

'?
 

M
ILE

S

10 
15 

K
ILO

M
E

TE
R

S

AYN
Efl 

I
C

e
h

te
rvil

10B

B
ase from

 U
.S

. G
eological S

urvey 
S

tate B
ase M

ap, 1:500,000,1974
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ells plotted in the W
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Figure 67. P
hysiographic units, m

oraines, and extent of glaciation in the W
hitew

ater R
iver basin.

T
he first and southernm

ost advance of the E
rie 

L
obe (fig. 8) is m

arked by the segm
ented term

inal 
Shelbyville M

oraine (W
ayne, 1965, p. 12). T

he 
C

raw
fordsville M

oraine is a segm
ented recessional 

m
oraine m

arked by m
any karnes and a large outw

ash 
plain (W

ayne, 1965, p. 11). A
 segm

ented m
oraine 

deposited after the C
raw

fordsville M
oraine (form

erly 
called the K

nightstow
n M

oraine), covers m
ost of the 

northern part of the basin and m
erges w

ith the contin 
uation of the Farm

ersville and C
arnden M

oraines of 
O

hio (W
ayne, 1965, p. 12). T

he boundary betw
een 

the T
ipton Till Plain and the D

earborn U
pland is a 

broad arbitrary transitional zone w
here the glacial till 

is too thin to obscure the bedrock-surface relief of the 
D

earborn U
pland (Schneider, 1966, p. 49).

158 
H

ydrogeologic A
tlas of A

quifers in Indiana

T
he D

earborn U
pland is a highly dissected 

bedrock plateau of rugged relief that is underlain by 
nearly flat-lying lim

estones and shales of Silurian 
and O

rdovician age (Schneider, 1966, p. 42). T
he top 

of the plateau is covered by a cap of glacial till 15 to 
50 ft thick (Schneider, 1966, p. 43). L

arge volum
es 

of w
ater from

 rapid ice rnelts have eroded deep 
valleys in this plateau, producing the m

ajor tributary 
valleys of the E

ast and W
est Forks of the W

hitew
ater 

R
iver. 

T
hese valleys have functioned as sluicew

ays 
for glacial rneltw

aters and extensive valley trains 
have developed w

ithin their courses. T
he valley-train 

deposits form
 a series of five to six outw

ash terraces 
that stand w

ell above the present flood plains 
(G

ooding, 1957, p. 1).
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Figure 68. Thickness of unconsolidated deposits in the W
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iver basin.
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.1 W

.

Surface-W
ater H

ydrology

The W
hitew

ater R
iver, a m

ajor tributary of the 
G

reat M
iam

i R
iver in O

hio, drains 1,296 m
i2 in south 

eastern Indiana. G
reens Fork, N

olands Fork, and the 
East and W

est Forks of the W
hitew

ater R
iver in 

southern R
andolph C

ounty drain this basin to the 
Indiana-O

hio State line, near W
est H

arrison, Ind. 
(fig. 66). The East Fork W

hitew
ater R

iver drains 
352 m

i2 (312 m
i2 in Indiana), the W

est Fork drains 
842 m

i2, and the m
ain stem

 south of B
rookville drains 

145 m
i2 (142 m

i2 in Indiana) (H
oggatt, 1975, p. 78 

and 94).The W
hitew

ater R
iver w

ater-m
anagem

ent 
basin in Indiana also includes areas w

ith headw
ater 

stream
s that drain into the G

reat M
iam

i R
iver in O

hio. 
These areas are in the northeastern, east-central, and 
southeastern parts of the basin and total m

ore than 
100 m

i2, accounting for the rem
ainder of the basin's 

1,425 m
i2

.

G
reens Fork and N

olands Fork, headw
ater 

stream
s of the W

est Fork W
hitew

ater R
iver, originate 

in the northern part of the basin and flow
 south- 

southw
est (fig. 66). The East Fork W

hitew
ater R

iver 
originates in O

hio and drains the northeastern part of 
the basin as it flow

s south-southw
est. The average 

discharge of the East Fork W
hitew

ater R
iver at 

B
rookville at drainage area 380 rni2 (1954-88) is 

396 ft3/s (G
latfelter and others, 1989, p. 49). The 

W
est Fork W

hitew
ater R

iver abruptly turns to the 
southeast in Franklin C

ounty w
here it joins the East 

Fork W
hitew

ater R
iver at B

rookville. The average 
discharge of the W

hitew
ater R

iver at B
rookville at 

drainage area 1,224 m
i2 (1916-17 and 1924-88) is 

1,266 ft3/s; flow
 ranged from

 a daily m
ean discharge 

of 60 ft3/s to an instantaneous peak of 81,800 ft3/s 
(G

latfelter and others, 1989, p. 50). The W
hitew

ater 
R

iver flow
s to the southeast out of Indiana through 

D
earborn C

ounty into the southw
est-flow

ing G
reat 

M
iam

i R
iver in O

hio, w
hich em

pties into the O
hio 

R
iver at the intersection of Indiana, O

hio, and 
K

entucky.

The W
hitew

ater R
iver basin includes several 

m
anm

ade lakes that are used for reservoirs, especially 
in the southern part of the basin w

here ground-w
ater

supplies are lim
ited. The East Fork W

hitew
ater R

iver 
flow

s into B
rookville R

eservoir (fig. 66), Indiana's 
second deepest (Indiana D

epartm
ent of N

atural 
R

esources, 1988, p. 1) and largest norm
al capacity 

reservoir (R
uddy and H

itt, 1990, p. 100).

G
eology

B
edrock D

eposits

The m
ajor geologic structure in the W

hitew
ater 

R
iver basin is the C

incinnati A
rch (fig. 4) (M

alott, 
1922, p. 128). The crest of the arch trends north- 
northw

est and bisects the basin. O
n the crest of the 

arch the rocks are nearly horizontal; the rocks on the 
w

estern side dip w
est-southw

est at an average of 
25 ft/m

i into the Illinois B
asin (fig. 4) (G

utschick, 
1966, p. 10), and rocks on the eastern side dip east to 
northeast at a sim

ilar rate into the A
ppalachian B

asin. 
B

ecause of this geologic structure and erosional 
processes, rocks of O

rdovician age are exposed in the 
center of the basin, w

hereas rocks of Silurian age are 
exposed in the northeastern corner and southw

estern 
edge of the basin (fig. 69).

The oldest rocks in the basin, at depths of 1,500 
to 2,000 ft, are Precam

brian granite, basalt, and arkose 
(fig. 5). These rocks are overlain by C

am
brian rocks 

consisting of sandstone, shale, lim
estone, and dolo 

m
ite (G

ray, 1987). U
nexposed O

rdovician rocks that 
overlie the C

am
brian rocks in the basin are com

posed 
prim

arily of dolom
ite, lim

estone, and sandstone. 
These C

am
brian and O

rdovician bedrock units are too 
deep to serve as a practical source for w

ater supply, 
and the ground w

ater is not potable in m
ost places 

because of excessive concentrations of dissolved 
solids.The oldest exposed bedrock in the W

hitew
ater 

R
iver basin is the O

rdovician M
aquoketa G

roup 
(figs. 5 and 69). This group is a w

estw
ard-thinning 

w
edge of rocks, approxim

ately 700 to 1,000 ft thick in 
the basin, w

hich consists prim
arily of shale in its 

low
er part and lim

estone w
ith sm

aller am
ounts of 

shale in its upper part (G
ray, 1972, p. 5). The form

a 
tions contained w

ithin this group include the K
ope, 

D
illsboro, and W

hitew
ater Form

ations.
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T
he K

ope Form
ation is a 300- to 400-ft-thick 

sequence, 95 percent of w
hich consists of bluish- to 

brow
nish-gray shale (Shaver and others, 1986, p. 72). 

E
xposed along the entrenched valleys of the low

er 
reaches of the W

hitew
ater R

iver, this shale contains a 
thick basal dark-brow

n to nearly black shale. 
T

he 
upper contact betw

een the K
ope and the D

illsboro 
Form

ations is transitional; it is m
arked by a com

para 
tively sharp upw

ard increase in the proportion of lim
e 

stone (G
ray, 1972, p. 14).

In the W
hitew

ater R
iver basin, the D

illsboro 
Form

ation is an approxim
ately 400-ft-thick sequence 

of shale w
ith interbedded lim

estone (Shaver and 
others, 1986, p. 37). 

T
he D

illsboro is conform
ably 

overlain by the W
hitew

ater Form
ation, w

hich is a 
bluish-gray rubbly lim

estone interbedded w
ith cal 

careous shale (Shaver and others, 1986, p. 168). 
T

he 
W

hitew
ater Form

ation is disconform
ably overlain by 

the Silurian B
rassfield L

im
estone.

L
aferriere and others (1986, p. 1) noted that the 

disconform
ity betw

een the W
hitew

ater Form
ation and 

the B
rassfield L

im
estone contains evidence of a com

 
plex erosional and depositional history. 

T
he discon 

form
ity is clearly defined by an abrupt vertical litho- 

logic change (L
aferriere and others, 1986, p. 4).

T
he Silurian B

rassfield L
im

estone generally is a 
m

edium
- to coarse-grained fossiliferous lim

estone that 
contains sm

all am
ounts of shale and fine-grained dolo 

m
ite (Shaver and others, 1986, p. 20). T

he Salam
onie 

D
olom

ite, w
hich unconform

ably overlies the B
rass- 

field L
im

estone, is an im
pure dolom

ite that includes 
finer-grained clayey lim

estone, dolom
itic lim

estone, 
and shale. 

A
long the eroded edges of the unit in 

southeastern Indiana, the thickness ranges from
 0 to 

60ft.

U
nconsolidated D

eposits

T
he W

hitew
ater R

iver basin is divided into 
three distinct areas of surficial unconsolidated deposits 
(G

ray, 1989). 
T

he Jessup Form
ation of pre-W

iscon- 
sinan age is present in the southern one-third of the 
basin and is from

 an eastern source. 
T

he T
rafalgar 

Form
ation of W

isconsinan age w
as deposited during 

several events by glaciers from
 a northeastern source

and covers the central and northern parts of the basin. 
B

uried pre-W
isconsin till is found beneath the 

T
rafalgar Form

ation w
ithin the basin. Ice from

 tw
o 

advances separated by a brief retreat deposited this 
pre-W

isconsinan till sequence (G
ooding, 1966).

Pre-W
isconsinan loam

 to sandy-loam
 tills of the 

Jessup Form
ation are present in the southern part of 

the basin (G
ray, 1989). 

C
lassically this form

ation has 
been referred to as the Illinoian drift. G

ooding (1963) 
describes the drift in this area as consisting of cal 
careous oxidized till; noncalcareous, cherty, grayish- 
brow

n till; and calcareous sand and gravel. 
M

inor 
deposits of outw

ash and alluvium
 are present w

ithin 
this area. 

T
he upland areas are capped by a silt com

 
plex com

posed of poorly stratified and poorly sorted 
sand and silt. 

T
hese sedim

ents are com
posed of 

w
eathering products and w

indblow
n silt (loess) (G

ray, 
1989).T

he T
rafalgar Form

ation in the central part of 
the basin is underlain by loam

 till and covered by a 
surficial layer of loess that ranges in thickness from

 20 
to 40 in. (G

ray, 1989). 
T

he W
isconsinan glacial 

boundary and the Shelbyville M
oraine (fig. 67) m

ark 
the southern edge of this unconsolidated m

aterial. 
G

ooding (1975) described unnam
ed till units in the 

area as consisting of calcareous, brow
n to yellow

- 
brow

n oxidized till along vertical joints, and gray 
unoxidized till. 

T
hese units also contain som

e discon 
tinuous and thin buff-colored calcareous sands and 
gravels. 

E
xtensive outw

ash m
aterial lies along the 

W
hitew

ater R
iver valley. 

A
lluvium

 underlies the 
m

odern flood plain of the W
hitew

ater R
iver.

T
he northern one-third of the basin contains a 

thick sequence of older tills separated by buried soils 
and covered by W

isconsinan tills of the T
rafalgar 

Form
ation (G

ray, 1989). 
T

he northernm
ost part, an 

area of m
orainal topography, includes layers of abla 

tion till, and dead-ice landform
s. 

W
ithin the head 

w
ater valleys of the W

hitew
ater R

iver and its m
ajor 

tributaries are linear, com
plex sequences of m

ixed 
drift, till, and stratified drift that appear to be collapse 
features. 

Further southw
ard along the W

hitew
ater 

R
iver valley are a series of terraces com

posed of 
valley-train outw

ash (G
ruver, 1984, p. 10). 

T
he

outw
ash m

aterial contains large volum
es of com

m
er 

cially extractable sand and gravel. 
T

he flood plain 
along the W

hitew
ater R

iver consists of H
olocene 

alluvium
 of silt, sand, and gravel. 

T
he C

raw
fordsville 

M
oraine m

arks the southernm
ost part of the northern 

region (fig. 67).

W
ithin the northern part of the basin (w

estern 
W

ayne C
ounty and eastern H

enry C
ounty) is a buried 

bedrock valley (fig. 7) that B
leuer (1989, p. 3) refers to 

as the N
ew

 C
astle V

alley section of the L
afayette 

B
edrock V

alley (form
erly called the T

eays V
alley). 

T
his m

ajor preglacial drainagew
ay originally flow

ed 
northw

est, but it w
as blocked by ice and filled w

ith 
glacial till. 

T
he valley is filled in places w

ith m
ore 

than 400 ft of unconsolidated deposits (fig. 68) con 
sisting of clay interbedded w

ith sm
aller am

ounts of 
sand and gravel. 

T
he valley is show

n in R
s. 12 and 

13 E. of section 10E
-10E

', fig. 70).

A
quifer Types

Six hydrogeologic sections (10A
-10A

' to 
10F

-10F
', fig. 70) w

ere produced for this atlas to 
show

 the hydrostratigraphy of the W
hitew

ater R
iver 

basin. 
H

ydrogeologic section 10A
-10A

' bisects the 
basin and is oriented south to north (except for a 3 m

i 
segm

ent in the m
iddle of the section that is oriented 

east-w
est and is also part of section 10B

-10B
'). 

T
he 

southern part of section 10A
-10A

' crosses the low
er 

reaches of the W
hitew

ater R
iver and roughly parallels 

the east side of the B
rookville R

eservoir, w
hereas the 

northern part of the section crosses N
olands Fork and 

G
reens Fork. 

T
he rem

aining hydrogeologic sections 
(10B

-10B
' to 10F-10F') are oriented w

est to east and 
are approxim

ately perpendicular to the surficial drain 
age of the basin (fig. 66). 

T
he w

est-east sections are 
spaced at intervals of approxim

ately 8 to 12 m
i. 

T
he 

average density of the 226 logged w
ells plotted along 

the hydrogeologic sections is 1.2 w
ells per m

ile.

B
oth the unconsolidated and bedrock deposits 

in the W
hitew

ater R
iver basin contain aquifers. 

T
he 

unconsolidated aquifers are com
posed of outw

ash in 
valley trains, intertill lenses of sand and gravel, and 
recently deposited alluvium

. T
he bedrock aquifers are

in the Silurian carbonate rocks and in an upper 
w

eathered zone in the O
rdovician shale and lim

estone. 
Five aquifer types are m

apped in the W
hitew

ater R
iver 

basin (fig. 71) and are sum
m

arized in table 12. 
T

he 
table includes inform

ation on the thickness, range of 
yields, and com

m
on aquifer nam

es used by other 
authors.

U
nconsolidated A

quifers

T
he unconsolidated aquifers, w

hich contain the 
largest supply of ground w

ater in the basin, consist of 
com

plexly interbedded glacial deposits. 
For sim

plic 
ity, these sand and gravel aquifers are subdivided into 
three distinct aquifer types (fig. 71): 

discontinuous 
zones of sand and gravel, buried sand and gravel, and 
surficial sand and gravel.

N
um

erous layers of discontinuous sand and 
gravel aquifers underlie the northern tw

o-thirds of the 
basin (fig. 71). Sand and gravel layers range from

 2 to 
50 ft in thickness and are not areally extensive. 
H

ydrogeologic sections 10A
-10A

' and 10D
-10D

' to 
10F

-10F
' (fig. 70) show

 this type of aquifer m
aterial. 

W
ells in areas of discontinuous sand and gravel are 

typically drilled and screened in the first significant 
w

ater-bearing zone; how
ever, som

e w
ells tap m

ultiple 
zones.A

n area w
ith buried sand and gravel aquifers 

(fig. 71) that range in thickness from
 2 to 50 feet is in 

the northw
estern part of the basin. 

T
he layers of 

buried sand and gravel are m
ore continuous (greater 

than 15 m
i2) than the discontinuous sand and gravel 

lenses. 
T

he buried sand and gravel is show
n in hydro- 

geologic sections 10A
-10A

', 10E
-10E

', and 10F
-10F

' 
(fig. 70). In m

any places, w
ater-bearing zones of 

discontinuous sand and gravel are encountered above 
or below

 the m
ore continuous aquifer. T

hese m
ultiple 

layers of sand and gravel deposits are separated by as 
little as 10 feet to as m

uch as 50 feet of glacial till. 
Sand and gravel layers at different elevations represent 
deposition of outw

ash during various advances and 
retreats of the ice during W

isconsinan and pre- 
W

isconsinan glaciations.
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Figure 70. H
ydrogeologic sections 10A

-10A
' 

to 10F
-10F

' of the W
hitew

ater R
iver 

basin C
ontinued.
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T
he N

ew
 C

astle V
alley Section, a southeastern 

tributary of the L
afayette B

edrock V
alley (B

leuer, 
1989) (fig. 7) is located along the northw

estern edge of 
the basin. The bedrock valley is show

n beneath 
N

olands Fork in section 10A
-10A

' (fig. 70) and 
beneath the W

est Fork W
hitew

ater R
iver in section 

10E
-10E

' (fig. 70). T
he buried bedrock valley is over 

lain by a confining layer of clay and contains discon 
tinuous and buried sand and gravel layers and lenses. 
T

he extent of the aquifers w
ithin the buried bedrock 

valley is not know
n because w

ells w
ithin this area 

penetrate to a depth of only 200 ft or less, w
hereas the 

valley extends to a depth of 400 ft or m
ore (fig. 68).

Surficial sand and gravel aquifers are present in 
the valleys of the W

hitew
ater R

iver and its m
ajor 

northern tributaries (fig. 71). T
hese surficial aquifers 

are show
n on all the hydrogeologic sections except 

10F-10F' (fig. 70). T
he principal w

ater-bearing 
m

aterials are extensive sand and gravel outw
ash 

deposits that w
ere deposited as valley fill during the 

various periods of glacial advance and retreat, and 
m

ore recently, as alluvium
. G

round-w
ater yields from

 
these surficial sand and gravel aquifers are the highest 
m

easured for the entire basin (table 12).

N
onaquifer m

aterial, consisting m
ostly of sandy 

and pebbly clay, covers the southern part of the basin. 
A

lthough no aquifer m
aterial is m

apped in this area, 
large-diam

eter dom
estic w

ells are constructed in 
m

arginal w
ater-bearing zones using an upper fractured 

clay zone or thin sand and gravel lenses w
ithin the clay 

as a source of w
ater. A

reas underlain by nonaquifer 
m

aterial can best be seen in hydrogeologic section 
10B

-10B
' (fig. 70).

B
edrock A

quifers

T
he Silurian carbonate bedrock aquifer form

s an 
im

portant aquifer in the northeastern and in the south 
w

estern m
argins of the basin (fig. 71). T

his aquifer 
ranges in thickness from

 a few
 feet to m

ore than 100 ft 
and is show

n in all hydrogeologic sections (fig. 70). 
T

he carbonate bedrock aquifer is com
posed of thick- 

bedded lim
estone w

ith thin interbedded shales. M
ost 

w
ells screened in these carbonate rocks receive w

ater 
from

 the top few
 feet of the w

eathered bedrock and(or)

7
0
0

7
0
0

C
O

N
N

E
C

T
S

 W
ITH

 9
J
-9

J
'

intersect bedrock fractures or joints at depth. T
he 

fractures and joints w
ere probably produced by the 

tectonic stresses that upw
arped the C

incinnati A
rch 

and by the overriding of glaciers at various tim
es. 

Z
ones of m

oderate to high perm
eability along bedding 

planes and disconform
ities betw

een successive rock 
strata, such as the Silurian-O

rdovician unconform
ity, 

also increase w
ell yields. Lateral changes in perm

e 
ability can result from

 facies changes and fracture den 
sity. G

round-w
ater yields from

 the carbonate bedrock 
aquifer are generally greater in the northern part of the 
basin w

here yields are usually m
ore than 10 gal/m

in 
(Indiana D

epartm
ent of N

atural R
esources, 1988, 

p. 44); overall, w
ell yields are generally sufficient for 

dom
estic use, although attem

pts to construct w
ells 

occasionally result in dry holes.

Shale and lim
estone of the O

rdovician M
aquo- 

keta G
roup are present as subcrop or are exposed in 

the entrenched valleys in m
ost of the basin from

 the 
northw

est to the southeast (fig. 69). T
he O

rdovician 
bedrock consists predom

inantly of nearly flat-lying 
interbedded layers of thick shale and thin lim

estone. 
T

hese rocks form
 the bedrock surface across m

ore 
than tw

o-thirds of the basin and underlie the carbonate 
bedrock elsew

here. B
ecause of the high shale content, 

perm
eability of these rocks is low

. The sm
all am

ount 
of w

ater that does circulate through these rocks is 
w

ithin sm
all joints and fractures at or near the bedrock 

surface. A
n upper w

eathered zone in the shale and 
lim

estone bedrock w
as m

apped as "aquifer potential 
unknow

n" in the central part of the basin (fig. 71). 
In 

this part of the basin, the shale and lim
estone are at the 

bedrock surface and are com
m

only used as a w
ater 

supply. A
reas w

here the shale and lim
estone bedrock 

is rarely used w
ere not m

apped as an aquifer even 
though bedrock could possibly provide ground w

ater 
in these areas. W

ells drilled into the shale and lim
e 

stone can be seen in all six hydrogeologic sections, 
although m

ost of the w
ells are show

n in sections 
10A

-10A
', 10C

-10C
, and 10D

-10D
' (fig. 70). M

ost 
w

ells penetrate less than 100 feet into the upper 
w

eathered bedrock and yield less than 10 gal/m
in; dry 

holes are not uncom
m

on. T
he upper w

eathered- 
bedrock aquifer is generally used if no other aquifer is 
available.
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Figure 71. E
xtent of aquifer types in the W

hitew
ater R

iver basin.

Table 12. 
C

haracteristics of aquifer types in the W
hitew

ater R
iver basin

[<, less than; locations of aquifer types show
n in fig. 71]

A
quifer type

T
hickness
(feet)

R
ange of yield
(gallons per

m
inute)

C
om

m
on nam

e(s)

D
iscontinuous sand and gravel

B
uried sand and gravel 

Surficial sand and gravel

C
arbonate bedrock 

U
pper w

eathered bedrock

2- 
50

2- 
50 

30-150

0-100 

<100

0- 
150 

Fayette-U
nion and W

ayne-H
enry 

A
quifer System

s1

5- 
150 

C
enterville Subsystem

1

50-1,200 
W

hitew
ater V

alley A
quifer 

System
1

0- 
60 

Silurian B
edrock A

quifer 
System

1

0- 
10 

O
rdovician B

edrock A
quifer 

System
1

Indiana D
epartm

ent of N
atural R

esources, 1989.

S
um

m
ary

T
he W

hitew
ater R

iver basin encom
passes

^
1,425 m

i 
in southeastern Indiana. T

he basin is 
com

posed of tw
o physiographic units; the undulating 

T
ipton T

ill Plain in the north and the rugged D
ear 

born U
pland in the south. 

Silurian carbonate rocks 
are at the bedrock surface on the w

estern, northern, 
and northeastern edges of the basin, w

hereas O
rdo 

vician shale and lim
estone are at the bedrock surface 

in the rem
aining three-quarters of the basin. T

he 
bedrock is covered w

ith as m
uch as 400 ft of loarn to 

sandy-loarn till, loess, outw
ash, and alluvium

.

Five different aquifer types are delineated in 
the W

hitew
ater R

iver basin: 
discontinuous sand and 

gravel; buried sand and gravel; surficial sand and 
gravel; carbonate bedrock; and an upper w

eathered 
zone in shale and lim

estone. 
T

he unconsolidated

aquifers produce the largest supply of ground w
ater 

for the basin; typical w
ell yields range from

 approxi 
m

ately 10 gal/m
in w

ithin the discontinuous zones to 
several hundred gallons per m

inute in the surficial 
sand and gravel aquifers along the W

hitew
ater R

iver. 
T

he carbonate bedrock aquifer is a secondary sup 
ply of ground w

ater, m
ostly for dom

estic use. W
ells 

in the carbonate bedrock aquifer yield from
 0 to 

60 gal/m
in; the larger yields are obtained in the 

northern part of the basin w
here one or m

ore frac 
tures or joints are intersected. T

he upper w
eathered- 

bedrock aquifer is generally used if no other aquifer 
is available. W

ell penetration into the w
eathered 

zone is usually less than 100 ft, and m
ost w

ell yields 
are less than 10 gal/m

in. N
o aquifer is m

apped in the 
southern part of the basin. M

ost ground w
ater in this 

area is obtained from
 low

-perm
eability unconsoli 

dated deposits.
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The effects of surface coal m
ining on ground- 

and surface-w
ater hydrology w

ere investigated by 
C

orbett (1965, 1968) and B
anaszak (1985). 

B
anaszak (1980) also investigated the use of coal 

beds as aquifers in southw
estern Indiana. W

angsness 
and others (1981) sum

m
arized hydrologic data for 

ground w
ater and surface w

ater in an area of the 
E

astern C
oal R

egion that includes the Patoka R
iver 

basin.

Physiography

The Patoka R
iver basin lies in tw

o distinct 
physiographic units as defined by Schneider (1966) 
and M

alott (1922). T
he eastern one-half of the basin 

is part of the C
raw

ford U
pland and the w

estern one- 
half is part of the W

abash L
ow

land (figs. 2 and 73).

The C
raw

ford U
pland is underlain by U

pper 
M

ississippian and L
ow

er Pennsylvanian sandstone, 
shale, and lim

estone. D
ifferential erosion has 

produced a deeply dissected upland w
ith abundant 

stream
 valleys and a w

ell-integrated drainage system
 

(G
ray and others, 1957, p. 5; Schneider, 1966, 

p. 47-48). T
his part of the Patoka R

iver basin is 
typified by generally flat-topped drainage divides and 
steep-w

alled valleys w
ith as m

uch as 350 ft of relief 
(R

enn, 1989, p. 9; Schneider 1966, p. 48). Level 
tracts of land are generally found only along the flood 
plains of the Patoka R

iver and som
e large tributaries, 

such as Straight R
iver and Poison C

reek.

The boundary betw
een the C

raw
ford U

pland 
and the W

abash L
ow

land (fig. 73) is not w
ell 

defined, but it is probably best placed at Jasper, Ind., 
(fig. 72) or just a little to the w

est of Jasper (G
ray, 

1963, p. 6). In this area, relief gradually decreases to 
the w

est over several m
iles as valleys w

iden and

becom
e increasingly filled w

ith alluvium
 above their 

bedrock floors (M
alott, 1922, p. 98-99).

The W
abash L

ow
land is characterized by 

extensively aggraded valleys and uplands that consist 
of rolling plains. D

rainage divides in this part of the 
Patoka R

iver basin are com
m

only 100 ft above the 
valley floors, and m

axim
um

 relief is about 150 ft 
(Schneider, 1966, p. 49). Lake plains are found in the 
northern part of the basin in G

ibson, Pike, and 
D

ubois C
ounties. These plains m

ark the sites of 
glacial lakes that w

ere form
ed w

hen northw
ard- 

flow
ing stream

s w
ere ponded by advancing Illinoian 

ice or W
isconsinan outw

ash (Fuller and A
shley, 

1902, p. 4; Fuller and C
lapp, 1904, p. 4; M

alott 1922 
p. 144-146, 251-255; Thornbury, 1950, p. 5, 10). 
Isolated bedrock hills that rise above the alluvium

 or 
silt of the surrounding lake plain are com

m
on in the 

W
abash L

ow
land (M

alott, 1922, p. 103).

G
eneral D

escription

T
he Patoka R

iver drains 862 m
i2 (H

oggatt, 
1975) w

ithin a long, narrow
 basin in southw

estern 
Indiana. The basin is approxim

ately 12 to 16 m
i 

w
ide throughout m

ost of its 78-m
i length. The 

Patoka R
iver basin includes parts of northern G

ibson 
C

ounty, the southern three-quarters of Pike and 
D

ubois C
ounties, the southern one-third of O

range 
C

ounty, the northeastern corner of C
raw

ford C
ounty, 

and sm
aller areas in three adjacent counties (fig. 72).

Previous Studies

The ground-w
ater hydrology of the Patoka 

R
iver basin has not been intensively studied. 

W
atkins (1963) briefly outlined the w

ater resources 
of the basin w

ith an em
phasis on the area surrounding 

Patoka Lake (fig. 72). The m
ajor aquifers in G

ibson 
C

ounty w
ere described by B

arnhart and M
iddlem

an 
(1990). H

arrell (1935) sum
m

arized the w
ater 

resources of each county in Indiana, and B
echert and 

H
eckard (1966) and C

lark (1980) constructed 
ground-w

ater-availability m
aps for the entire State.
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Figure 72. Location of section lines and w
ells plotted in the P
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iver basin.

E
X

P
LA

N
A

TIO
N

   
 
 

W
A

T
E

R
-M

A
N

A
G

E
M

E
N

T
-B

A
S

IN
 B

O
U

N
D

A
R

Y

1
1

A
 
 
 

1
1

A
' 

TR
A

C
E

 O
F 

H
Y

D
R

O
G

E
O

LO
G

IC
 S

E
C

TIO
N

 
(S

e
ctio

n
s sh

o
w

n
 in fig

u
re

 7
6

.)

 
 

W
A

T
E

R
-S

U
P

P
LY

 W
E

LL

  
TE

S
T 

H
O

LE

Patoka R
iver B

asin 
167



M
axim

um
 extent 

ofglaciation

1
^

t
B

ase from
 U

.S
. G

eological S
urvey 

S
tate B

ase M
ap, 1:500,000,1974

P
hysiographic units from

 
S

chneider, 1966, fig. 14.

SC
ALE 1:1,000,000

5 
10 

15 M
ILES 

_
i_

_
_
i_

_
_
i

i 
i 

\
0 

5 
10 

15 
KILO

M
ETER

S

Figure 73. P
hysiographic units and extent of glaciation in the P
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Surface-W
ater H

ydrology

T
he Patoka R

iver originates in a group of hills 
in southeastern O

range C
ounty and flow

s w
estw

ard 
to its m

outh at the confluence w
ith the W

abash R
iver 

in extrem
e w

estern G
ibson C

ounty (fig. 72). The 
average gradient over this 161-river-m

ile course is 
approxim

ately 1.74 ft/m
i (G

ray, 1963, p. 6; H
oggatt, 

1975). The four largest contributing w
atersheds are 

H
unley C

reek, South Fork Patoka R
iver, Straight 

R
iver, and Flat C

reek (fig. 72) w
hose drainage areas 

are 82.0, 76.3, 67.6, and 58.9 rni2 respectively 
(H

oggatt, 1975). These w
atersheds com

pose approx 
im

ately one-third of the total area drained by the 
Patoka R

iver.

For the period 1934 through 1985, the average 
discharge for the Patoka R

iver approxim
ately 1 m

i 
upstream

 of hydrogeologic section 11A
-11A

' 
(fig. 72) w

as 1,037 ft3/s w
ith a m

inim
um

 daily m
ean 

discharge of zero during the period A
ugust 29 

through Septem
ber 12, 1936, and a m

axim
um

 instan 
taneous discharge of 18,700 ft /s on January 26,1937 
(A

rvin, 1989, p. 738).

Stream
flow

 in the Patoka R
iver has been regu 

lated since 1978 by Patoka L
ake (fig. 72). The reser 

voir, w
hich is used for flood control, w

ater supply, 
and recreation, is the third largest body of w

ater in 
the State and has a capacity of 178,730 acre-ft (R

enn,

1989, p. 11). Flow
-duration analysis by R

enn (1989, 
p. 27) indicates that regulation has generally 
increased low

 stream
flow

s and decreased high 
stream

flow
s dow

nstream
 from

 the reservoir.

Stream
flow

 in the Patoka R
iver w

atershed can 
also be affected by spoil from

 surface coal m
ines 

(M
artin and C

raw
ford, 1987, p. 4). C

orbett (1965, 
p. 2-3) concluded that cast overburden from

 surface 
coal m

ining is a significant source of Stream
flow

 in 
m

ined w
atersheds of the Patoka R

iver during periods 
of extrem

e drought.

G
eology

B
edrock D

eposits

B
edrock underlying the Patoka R

iver basin is 
part of the eastern lim

b of the Illinois B
asin, a prom

i 
nent regional dow

nw
arp centered in southeastern 

Illinois (fig. 4). O
utcrops and subcrops in the Patoka 

R
iver basin include, from

 east to w
est and oldest to 

youngest, the B
lue R

iver, W
est B

aden, Stephensport, 
and B

uffalo W
allow

 G
roups of M

issis sippian age, 
and the R

accoon C
reek, C

arbondale, and M
cLeans- 

boro G
roups of Pennsylvanian age (G

ray and others, 
1987) (figs. 5 and 74). These rocks dip w

est- 
southw

est at an average rate of approxim
ately 25 to 

30 ft/m
i (G

ray, 1979, p. K
3).
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T
he bedrock surface in the eastern quarter of 

the Patoka R
iver basin is com

posed of M
ississippian 

rocks (fig. 74). The m
iddle M

ississippian B
lue R

iver 
G

roup ranges in thickness from
 150 to 650 ft and is 

com
posed predom

inantly of carbonate rocks w
ith 

lesser am
ounts of evaporites, shale, chert, and cal 

careous sandstone. The three form
ations of the B

lue 
R

iver G
roup, in ascending order, are the St. Louis, 

Ste. G
enevieve, and Paoli L

im
estones (G

ray, 1979, 
p. K

9; Shaver and others, 1986, p. 16).

O
verlying the lim

estone sequence of the B
lue 

R
iver G

roup are three U
pper M

ississippian groups 
that consist prim

arily of sequences of sandstone, 
shale, and lim

estone. The low
erm

ost of these, the 
W

est B
aden G

roup, ranges in thickness from
 100 to 

260 ft and is predom
inantly shale, m

udstone, and 
sandstone, w

ith lesser am
ounts of lim

estone. The 
W

est B
aden G

roup is characterized by a predom
i 

nantly clastic nature and by the irregularity of its 
lim

estone form
ations (Sullivan, 1972, p. 6; Shaver 

and others, 1986, p. 167).

O
verlying the W

est B
aden G

roup is the 
Stephensport G

roup, w
hich consists of about equal 

parts of lim
estone, sandstone, and shale; it ranges in 

thickness from
 130 to 230 ft. The form

ations of the 
Stephensport G

roup are, in ascending order, the 
B

eech C
reek Lim

estone, the B
ig C

lifty Form
ation, 

the H
aney Lim

estone, the H
ardinsburg Form

ation,

and the G
len D

ean Lim
estone. The lim

estones in this 
group typically m

aintain their characteristic lithology 
throughout their outcrop areas, and they are m

ore 
continuous and distinct than those in the underlying 
W

est B
aden G

roup. T
he B

eech C
reek Lim

estone, at 
the base of the form

ation, is one of the best know
n, 

m
ost w

idespread, and m
ost reliable m

arker beds in 
rocks of M

ississippian age in the Illinois B
asin. In 

contrast, the clastic form
ations of the Stephensport 

G
roup com

m
only display abrupt lateral and vertical 

variations in lithology (G
ray and others, 1957, p. 5-6; 

G
ray and others, 1960, p. 41; G

ray, 1979, p. K
10; 

Shaver and others, 1986, p. 150-151).

T
he B

uffalo W
allow

 G
roup overlies the 

Stephensport G
roup, and consists predom

inantly of 
shale, m

udstone, and siltstone, w
ith lesser am

ounts of 
sandstone and lim

estone. The Tar Springs Form
a 

tion, at the base of the B
uffalo W

allow
 G

roup, is 
probably the only form

ation in this group that is an 
outcrop or subcrop in the Patoka R

iver basin. This 
form

ation is com
m

only about 65 ft thick and is pri 
m

arily shale, although it contains local lenses of 
m

assive sandstone (G
ray, 1978, p. 5; Shaver and 

others, 1986, p. 24).

U
pper M

ississippian rocks in the Patoka R
iver 

basin are overlain unconform
ably by Low

er Pennsyl 
vanian rocks. The surface of this unconform

ity is a 
southw

est-sloping plateau entrenched as m
uch as 

300 ft by southw
est-trending relict stream

 valleys 
(G

ray, 1979, p. K
3).

Pennsylvanian rocks in Indiana consist of a 
dom

inantly clastic sequence of shale, siltstone, and 
sandstone, w

ith intercalated thin but w
idespread beds 

of clay, coal, black shale, and lim
estone. L

ateral 
facies changes are com

m
on and can be abrupt. 

W
ithin short distances, individual beds or w

hole 
sequences can change in character so com

pletely that 
they are scarcely traceable laterally (G

ray and others, 
1957, p. 5; G

ray, 1979, p. K
13). Pennsylvanian rocks 

com
pose the bedrock surface of the w

estern three- 
quarters of the Patoka R

iver basin (fig. 74), and 
include, in ascending order, the R

accoon C
reek, 

C
arbondale, and M

cLeansboro G
roups.
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The Low
er Pennsylvanian R

accoon C
reek 

G
roup consists of m

ore than 95 percent shale and 
sandstone and less than 5 percent clay, coal, and 
lim

estone. 
In ascending order, this group consists of 

the M
ansfield, B

razil, and Staunton Form
ations. The 

M
ansfield Form

ation is com
posed prim

arily of sand 
stone, shale, and m

udstone, and it includes six nam
ed 

coal m
em

bers. This form
ation is generally divided 

into an upper and low
er unit; the upper unit is pre 

dom
inantly shale and m

udstone, w
hereas the low

er 
unit is m

ostly sandstone. The M
ansfield Form

ation is 
roughly 200 to 400 ft thick in the Patoka R

iver basin 
(G

ray and others, 1960, p. 22-26; G
ray, 1963, p. 11- 

12; Shaver and others, 1986, p. 86-87, 89, 120-121). 
The B

razil Form
ation, approxim

ately 40 to 90 ft 
thick, consists of shale, sandstone, underclay, and 
coal. This form

ation is characterized by irregularities 
in both the thickness and lateral continuity of recog 
nizable beds. The B

razil Form
ation contains the 

B
uffaloville C

oal M
em

ber, and the U
pper B

lock C
oal 

M
em

ber (C
oal IV

), a low
-ash, low

-sulfur coal. The

Staunton Form
ation consists of 75 to 150 ft of sand 

stone and shale and as m
any as eight coal beds 

(Shaver and others, 1986, p. 21, 25, 150, 159; W
eir, 

1973, p. 18).

The M
iddle Pennsylvanian C

arbondale G
roup 

includes, in ascending order, the Linton, Petersburg, 
and D

ugger Form
ations. 

The L
inton Form

ation 
consists of 40 to 160 ft of shale, sandstone, lim

estone, 
coal, and clay. A

t the base of the form
ation is the 

C
oxville Sandstone M

em
ber, a 10- to 60 ft-thick fine- 

to coarse-grained, thickly bedded sandstone. The 
Petersburg Form

ation, 40 to 120 ft thick, includes 
three coal m

em
bers, one lim

estone m
em

ber, and 
unnam

ed beds of shale, sandstone, siltstone, and 
underclay. A

t the top of the form
ation is Indiana's 

m
ost econom

ically im
portant coal, the Springfield 

C
oal M

em
ber (C

oal V
) (W

ier, 1973, p. 19, 27). The 
D

ugger Form
ation includes 73 to 185 ft of sandstone, 

shale, lim
estone, coal, and clay. In the upper part of 

the D
ugger Form

ation is the A
nvil R

ock Sandstone 
M

em
ber, a siltstone and sandstone that is present not

only as a w
idespread sheet deposit but also as a 

channel-fill deposit. The A
nvil R

ock Sandstone 
M

em
ber can exceed 100 ft in thickness w

here the 
sheet phase overlies the channel-fill phase (Shaver 
and others, 1986, p. 6, 27, 32, 39, 80, 112, 149).

The U
pper Pennsylvanian M

cL
eansboro 

G
roup in the Patoka R

iver basin consists of the 
Shelburn, Patoka, and B

ond Form
ations, in ascending 

order. The Shelburn Form
ation ranges in thickness 

from
 50 to 250 ft and is com

posed of shale, siltstone, 
and sandstone w

ith lesser am
ounts of lim

estone, clay, 
and coal. A

t the base of this form
ation is the 

B
usseron Sandstone M

em
ber, a fine- to m

edium
- 

grained, m
assive sandstone, 48 to 77 ft thick, that fills 

erosional cutouts. 
M

ore than 85 percent of the 
Patoka Form

ation is shale and sandstone; less than 
15 percent is clay, lim

estone, and coal. N
ear the base 

of the form
ation is the fine-grained, 20-to 80-ft-thick 

Inglefield Sandstone M
em

ber (Shaver and others, 
1986, p. 62, 85, 109, 142-43).
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U
nconsolidated D

eposits

U
nconsolidated deposits in the Patoka R

iver 
basin are 0 to 150 ft thick (fig. 75). In the extrem

e 
w

estern part of the basin, w
here the Patoka and 

W
abash R

iver flood plains coincide, outw
ash sands 

and gravels overlain by alluvium
 com

m
only exceed 

100 ft in thickness (Fidlar, 1948, p. 23-24, 43). 
Farther upstream

, along the Patoka R
iver, m

ost 
U

nconsolidated deposits thin to 50 ft or less (fig. 75) 
and consist prim

arily of fine-grained alluvial 
m

aterials of the M
artinsville and Prospect Form

a 
tions (G

ray, 1963, p. 7-10).

P
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In som
e northern parts of the basin in G

ibson, 
Pike, and D

ubois C
ounties, fine-grained lake (lacus 

trine) sedim
ents, deposited in lakes of Illinoian and 

W
isconsinan ages, are 50 to m

ore than 100 ft thick 
(Fidlar, 1948, p. 62-63; G

ray and others, 1957, p. 7; 
G

ray, 1963, p. 7-10). 
Illinoian till deposits are re 

stricted to the northw
estern part of the basin (fig. 73) 

and are generally less than 20 ft thick (Fuller and 
C

lapp, 1904, p. 4).

A
quifer Types

Six hydrogeologic sections, totaling alm
ost 

100 m
i in length, w

ere constructed for the Patoka 
R

iver basin (fig. 72). A
 total of 98 drillers' logs from

 
w

ater w
ells, coal-exploration test holes, and oil- and 

gas-exploration test holes, w
ere used to construct the 

sections. 
Inform

ation from
 W

ier and Stanley (1953), 
Friedm

an (1954), H
utchison (1964), G

ray and others 
(1970), G

ray and others (1987), and K
eller (1990), 

aided interpretation of the drillers' logs. T
he average

density of drillers' logs along the section lines is one 
per m

ile. 
Sections 11 A

-11 A
' to 1 IE

-1 IE
' (fig. 76) 

are oriented south-north, approxim
ately perpendicular 

to the Patoka R
iver, and are 14 to 16 m

i apart. Section 
11F-1 IF

' (fig. 76) is oriented w
est-east and is parallel 

to the long axis of the basin.

T
he different types of aquifers in the Patoka 

R
iver basin include surficial sand and gravel deposits 

com
posed of outw

ash; discontinuous sand and gravel 
lenses interbedded w

ith glacial, lake, and alluvial 
deposits; U

pper M
ississippian and Pennsylvanian 

sandstones; and M
iddle and U

pper M
ississippian 

carbonate rocks. Q
uantities of ground w

ater sufficient 
to m

eet com
m

ercial and industrial needs can be 
obtained only from

 thick outw
ash sand and gravel 

deposits in the extrem
e w

estern part of the basin. 
Y

ields from
 this aquifer can exceed 1,000 gal/m

in. 
T

he rem
aining aquifers in the Patoka R

iver basin are 
generally capable of producing only enough w

ater to 
m

eet dom
estic and livestock needs. Y

ields from
 these 

aquifers generally range from
 less than 1 to

25 gal/m
in and rarely exceed 100 gal/m

in. T
he four 

aquifer types in the Patoka R
iver basin are sum

m
a 

rized in table 13. T
he table includes range of aquifer 

thickness, range of reported yields, and com
m

on 
aquifer nam

es used by other authors. T
he general 

areal extent of each aquifer type in the basin is show
n 

in figure 77.

U
nconsolidated and bedrock aquifers in the 

Patoka R
iver basin are recharged prim

arily by direct 
infiltration and percolation of precipitation. R

echarge 
m

ay also occur as percolation from
 surface w

ater in 
upland lakes and from

 m
ining im

poundm
ents. Flow

 
in the shallow

 bedrock is probably com
plex and 

locally controlled; recharge occurs in upland areas, 
and ground w

ater discharges to stream
s that flow

 on 
or near the bedrock surface (M

artin and others, 1990, 
p. B

22). Flow
 in deeper parts of the bedrock is 

prim
arily regional and probably follow

s the south- 
w

estw
ard dip of the strata to points of discharge along 

the W
abash and O

hio R
ivers.

U
nconsolidated A

quifers

U
nconsolidated aquifers in the Patoka R

iver 
basin consist prim

arily of surficial sand and gravel, 
and discontinuous sand and gravel lenses. T

hese 
aquifers are present in the w

estern three-quarters of the 
basin (fig. 77). U

nconsolidated deposits in the eastern 
one-quarter of the basin are relatively thin and im

per 
m

eable and are not suitable sources of ground w
ater 

(G
ray and others, 1960, p. 22; H

arrell, 1935, p. 162- 
163, 388).

S
urficial Sand and G

ravel A
quifers

O
utw

ash sands and gravels are a m
ajor source 

of ground w
ater along the low

er reach of the Patoka 
R

iver w
here the flood plains of the W

abash, W
hite, 

and Patoka R
ivers coalesce (B

arnhart and M
iddlem

an, 
1990, p. 9; H

arrell, 1935, p. 215-218). T
he general 

areal extent of this aquifer type is show
n as surficial 

sand and gravel aquifer in figure 77. Som
e w

ells com
 

pleted in these deposits yield m
ore than 1,000 gal/rnin 

(B
arnhart and M

iddlem
an, 1990, p. 9).
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D
iscontinuous Sand and G

ravel A
quifers

A
nother source of ground w

ater from
 uncon- 

solidated deposits is laterally discontinuous sand and 
gravel lenses interbedded w

ith finer grained glacial, 
lake, and alluvial deposits (B

arnhart and M
iddlem

an, 
1990, p. 9). T

hese deposits are found in the Patoka 
R

iver and tributary valleys, other bedrock valleys, 
and in the northern part of the basin in G

ibson, Pike, 
and D

ubois C
ounties. T

he sand and gravel lenses are 
generally less than 30 ft thick but can be as m

uch as 
125 ft thick in places (C

lark, 1980, p. 412; B
arnhart 

and M
iddlem

an, 1990, p. 9). W
ells in these deposits 

generally yield less than 100 gal/m
in; these deposits 

are m
apped as discontinuous sand and gravel aquifer 

in figure 77. O
ne w

ell along the northern part of 
section 11 A

-l 1 A
' (fig. 76) taps this type of aquifer. 

O
ther exam

ples of this type of aquifer can be seen 
beneath the Patoka R

iver valley in sections 
11A

-11 A
' and 1 IB

-1 IB
', and along the northern 

part of section 11C
-11C

' (fig. 76).

B
edrock A

quifersC
arbonate B

edrock A
quifers

M
iddle and U

pper M
ississippian lim

estones 
are present in approxim

ately the eastern one-third of 
the Patoka R

iver basin and include lim
estone m

em
 

bers of the B
lue R

iver, W
est B

aden, and Stephens- 
port G

roups. T
hese lim

estones are identified in 
figure 77 as the carbonate bedrock aquifer. 

D
isso 

lution along joints, fractures, and bedding planes has 
generally increased the perm

eability of these rocks 
and is responsible for w

ell yields of 5 to 10 gal/m
in 

(B
arrel, 1935, p. 162-63; Jenkins, 1956, p. 13, 20; 

G
ray and others, 1960, p. 43-44, 51; G

ray and 
Pow

ell, 1965, p. 13-14; B
echert and H

eckard, 1966, 
p. 108; C

lark, 1980, p. 30). M
ississippian carbonate 

bedrock aquifers are depicted in sections 1 ID
-1 ID

' 
and 1 IE

-H
E

'(fig. 76).

T
he carbonate bedrock aquifers in section 

1 ID
-1 ID

' (fig. 76) are part of the Stephensport 
G

roup. 
G

ray (1963, p. 13) and G
ray and others 

(1960, p. 43-44, 48) indicate that the B
eech C

reek 
L

im
estone is the m

ost extensive and highest yielding 
aquifer in the Stephensport G

roup. T
he w

ells along 
section 1 IE

-1 IE
' (fig. 76) are com

pleted in m
ore 

than 50 ft of continuous lim
estone belonging to the 

Paoli L
im

estone and possibly the upper part of the 
Ste. G

enevieve L
im

estone of the B
lue R

iver G
roup. 

D
rillers' logs from

 four of the w
ells along this section 

indicate yields of 5 to 23 gal/m
in.

Sandstone A
quifers

U
pper M

ississippian and Pennsylvanian sand 
stone aquifers underlie virtually all but the eastern 
end of the Patoka R

iver basin (fig. 77). 
W

ith the 
exception of sand and gravel deposits, these sand 
stones are probably the prim

ary source of ground 
w

ater in the w
estern tw

o-thirds of the basin. In the

Patoka R
iver basin, yields of w

ells that tap these 
sandstones are generally low

, ranging from
 less than

I to 5 gal/m
in, w

ith one notable exception; sand 
stones in the low

er part of the M
ansfield Form

ation, 
w

hich are reputed to have the highest yields in the 
entire Pennsylvanian section (G

ray and others, 1960, 
p. 29; C

able and W
olf, 1977, p. 9, 12-14), produce as 

m
uch as 100 gal/m

in (C
lark, 1980, p. 27-30). W

ells 
along the northern one-half of section 11 C

-l 1C
' 

(fig. 76) tap thick sandstones that are probably the 
low

er M
ansfield Form

ation. 
D

rillers' logs for three 
of these w

ells indicate yields that range from
 7 to 

20 gal/m
in yields that are higher than those of m

ost 
other w

ells that tap sandstones along other sections in 
the basin.

M
ost of the w

ells along sections 1 IB
 1

 IB
',

II C
-l 1C

', and 11F-1 IF
' (fig. 76) tap Pennsylvanian 

sandstone aquifers. Som
e of these sandstones are 

fluvial (also know
n as channel-fill) deposits, w

hich 
are relatively thick, narrow

 deposits that fill erosional

Patoka R
iver B

asin 
173



Table 13. 
C

haracteristics of aquifer types in the P
atoka R

iver basin
[<, less than; >, greater than; locations of aquifer types show

n in fig. 77]

A
quifer type

T
hickness 
(feet)

R
ange of yield
(gallons per

m
inute)

C
om

m
on nam

e(s)

Surficial sand and gravel

D
iscontinuous sand and gravel

C
arbonate bedrock

M
iddle M

ississippian 

U
pper M

ississippian

Sandstone

30-<150

<30- 
125

1>225->1,000
V

alley train
1; flood plain 

deposits3; 
alluvium

 and 
outw

ash4; outw
ash sand and 

gravel

? 5- 
250 

Sand and gravel lenses, outw
ash 

plain deposits1; sand and gravel 
deposits

>100

8- 
40

20- 
40

9- 
30

2'55- 
<100

21- 
10 

N
o data 

N
o data

B
lue R

iver G
roup6

B
eech C

reek L
im

estone6 

H
aney L

im
estone 

G
len D

ean L
im

estone

U
pper M

ississippian

Pennsylvanian

30- 

20-

10-

10- 

10-

20-

20-

70 
>60

15060 

1609040

2<1- 
5 

2<1- 
5

2<1- 
100

2<1- 
10 

2<1- 
10

]'2<1- 
10

1>23- 
300

B
ig C

lifty Form
ation6 

H
ardinsburg Form

ation6

M
ansfield Form

ation2'3'5'7

C
oxville Sandstone M

em
ber 

or 
L

inton A
quifer7

A
nvil R

ock Sandstone M
em

ber6

B
usseron Sandstone M

em
ber

Inglefield A
quifer 

or Inglefield 
Sandstone M

em
ber

'B
arnhart and M

iddlem
an, 1990.

2C
lark, 1980.

3H
arrell, 1935.

4Fidlar, 1948.
5B

echert and H
eckard, 1966.

6Shaver and others, 1986.
7C

able and W
olf, 1977.

cutouts in underlying strata. 
W

ells in channel 
sandstones m

ay have higher yields than w
ells in 

sheet sandstones because of the greater thickness 
and higher perm

eability of channel sandstones. 
T

heir higher perm
eability is attributed to generally 

larger grain size, better sorting, and sm
aller am

ounts 
of clay com

pared to sheet sandstones (H
opkins, 

1958, p. 12; C
able and W

olf, 1977, p. 9; M
artin and 

others, 1990, p. B
22). 

T
he thick sandstone 

sequence show
n in section 11A

-11A
' (fig. 76) 

probably consists of several stacked channel-fill 
deposits and includes, at least in part, the A

nvil 
R

ock S
andstone M

em
ber of the D

ugger Form
ation. 

A
nother channel sandstone is evident on section 

1 IB
-1 IB

' (fig. 76) betw
een H

oney C
reek and South 

F
ork P

atoka R
iver.

C
om

plexly Interbedded S
andstone, S

hale, Lim
estone, and C

oal

In areas w
here unconsolidated aquifers are 

absent, and w
here sandstone and lim

estone aquifers 
are either unproductive or too deep for the eco 
nom

ical installation of w
ells, ground w

ater can be 
obtained from

 coal seam
s and(or) com

plexly inter- 
bedded sequences of sandstone, shale, lim

estone, 
and coal. 

B
anaszak (1980, p. 235-240) indicates 

that coal seam
s hydraulically connected to a source 

of recharge and underlain by a confining unit can 
yield as m

uch as 10 gal/m
in. O

nly 8 of the w
ell logs 

used to construct sections in the P
atoka R

iver basin 
indicate that the w

ells obtain w
ater prim

arily from
 

coal seam
s and(or) com

plexly interbedded lithol- 
ogies; three of the logs indicate w

ell yields of less 
than 1 gal/m

in. 
In contrast, a fourth w

ell log, 
plotted on section 1 IB

-1 IB
' (fig. 76) as the first 

w
ater-supply w

ell south of the P
atoka R

iver, indi 
cated a yield of 12 gal/m

in. 
T

he source of ground 
w

ater for this w
ell is strata im

m
ediately dow

ndip of 
a bedrock surface overlain by sand and gravel. 
B

asal sands and gravels probably increase recharge 
to the underlying bedrock and increase net storage 
in the im

m
ediate area, resulting in anom

alously 
high yields. W

ith local exceptions such as this, coal 
seam

s and(or) com
plexly interbedded lithologies 

are not generally a prim
ary source of ground w

ater

in the P
atoka R

iver basin, and these m
aterials are 

show
n as "aq

u
ifer p

o
ten

tial unknow
n" on all the 

hydrogeologic sections.

S
um

m
ary

_
 

/-\

T
he P

atoka R
iver basin encom

passes 862 m
r 

in southw
estern Indiana. 

M
ajor sources of ground 

w
ater in the P

atoka R
iver basin include surficial 

sand and gravel com
posed of outw

ash, discon 
tinuous sand and gravel, M

ississippian carbonate 
rocks, and M

ississippian and P
ennsylvanian 

sandstones.

O
utw

ash sand and gravel deposits can 
produce in excess of 1,000 gal/m

in but they are 
present only in the extrem

e w
estern part of the 

basin. 
D

iscontinuous sand and gravel interbedded 
w

ith fine-grained m
aterial are present in the w

estern 
three-quarters of the basin along the P

atoka R
iver 

and tributary valleys and in areas once covered by 
lakes during Illinoian and W

isconsinan glaciations. 
W

ell yields as m
uch as 250 gal/m

in are available 
from

 these deposits.

Sandstone and carbonate bedrock aquifers in 
the basin are generally capable of producing only 
enough w

ater to m
eet dom

estic and livestock needs. 
Sandstone aquifers underlie m

ost of basin, w
hereas 

carbonate bedrock aquifers, com
posed prim

arily of 
lim

estone, are present only in the eastern one-third. 
W

ell yields from
 the sandstone aquifers are gener 

ally less than 1 to 5 gal/m
in but seem

 to be som
e 

w
hat higher in the low

er M
ansfield Form

ation. 
W

ells in the carbonate bedrock aquifers typically 
yield 5 to 10 gal/m

in. 
R

echarge to bedrock aquifers 
and net storage m

ay be increased in areas w
here 

sand and gravel directly overly the bedrock surface. 
B

edrock w
ells dow

ndip from
 these areas m

ay have 
higher yields. 

C
oal seam

s and com
plexly inter 

bedded sequences of sandstone, shale, lim
estone, 

and coal are infrequently a prim
ary source of 

ground w
ater, and their potential as aquifers can be 

adequately evaluated only on a local basis.
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G
eneral D

escription

The O
hio R

iver basin is the southernm
ost 

w
ater-m

anagem
ent basin in Indiana. It extends 

approxim
ately 200 m

i across southern Indiana, from
 

L
aw

renceburg in eastern Indiana to about 10 m
i 

southw
est of M

t. V
ernon in w

estern Indiana (fig. 78). 
T

he O
hio R

iver basin, the fourth largest basin in the 
State, encom

passes 4,224 m
i . T

he basin includes all 
of O

hio, Sw
itzerland, Floyd, H

arrison, and Perry 
C

ounties and large parts of D
earborn, R

ipley, 
Jefferson, C

lark, W
ashington, C

raw
ford, Spencer, 

W
arrick, and V

anderburgh C
ounties. Principal cities 

w
ithin the basin include E

vansville, N
ew

 A
lbany, 

M
adison, L

aw
renceburg, Jeffersonville, M

t. V
ernon, 

Salem
, B

oonville, T
ell C

ity, and C
harlestow

n.

Previous S
tudies

Pettijohn and R
eussow

 (1969) authored a study 
of ground-w

ater resources in the O
hio R

iver basin. 
T

heir report defined the geohydrology of the princi 
pal w

ater-bearing units, w
ell yields to stream

s, and 
the ground-w

ater quality w
ithin the w

ater-bearing 
units.

G
round-w

ater resources w
ere assessed in 

com
prehensive reports on Posey C

ounty (R
obison, 

1977), V
anderburgh C

ounty (C
able and W

olf, 1977), 
and G

ibson C
ounty (B

arnhart and M
iddlem

an, 1990). 
T

hese county reports include w
ell yields and thick 

nesses for bedrock and unconsolidated aquifers, and 
m

aps of the surfaces of som
e of the sandstone aqui 

fers. 
R

esults of w
ater-quality analyses are also 

reported and discussed. 
G

allaher and Price (1966) 
w

rote a com
prehensive report of the hydrogeology of 

the alluvial deposits w
ithin the O

hio R
iver V

alley in 
K

entucky and the availability and quality of the 
ground w

ater w
ithin these deposits. 

Price (1964a, 
1964b, 1964c) prepared hydrogeologic sections and 
m

apped the hydrology and geology of the alluvial 
deposits along the O

hio R
iver in K

entucky. 
H

arvey 
(1956) described the geology and ground-w

ater 
resources of the H

enderson, K
y., area along the O

hio 
R

iver. H
e included chem

ical com
position, yield, and 

recharge and discharge areas for selected geologic 
form

ations.

Several general references on ground-w
ater 

hydrology of Indiana include the O
hio R

iver basin. 
C

lark (1980) described the various types of aquifers 
and their potential yields. 

B
echert and H

eckard 
(1966) delineated ground-w

ater provinces on the 
basis of w

ell yields and the sources of ground w
ater. 

G
round-w

ater resources of each county in Indiana 
w

ere described by H
arrell (1935).

P
hysiography

T
he physiography of the O

hio R
iver basin is 

prim
arily bedrock controlled but w

as affected by the 
relocation of the pre-Pleistocene T

eays R
iver drain 

age into the O
hio R

iver valley during the Pleistocene. 
T

he basin is characterized by considerable relief and 
a w

ide variety of topographic features that are the 
result of w

eathering, stream
 erosion, and m

ass m
ove 

m
ent. D

uring Pleistocene tim
e, the w

estern tw
o- 

thirds of the O
hio R

iver basin w
as not glaciated; thus, 

the topography strongly reflects bedrock control. 
T

he eastern one-third of the basin w
as glaciated, but 

glacial deposits are not thick enough to obscure the 
bedrock relief.

T
he seven physiographic regions in the O

hio 
R

iver basin trend north-northw
est in conform

ity w
ith 

the strike of the bedrock (fig. 79). E
ast to w

est, these 
regions are the D

earborn U
pland, M

uscatatuck R
e 

gional Slope, Scottsburg L
ow

land, N
orrnan U

pland, 
M

itchell Plain, C
raw

ford U
pland, and W

abash L
ow

 
land (Schneider, 1966, p. 42).

T
he D

earborn U
pland is a dissected plateau 

underlain by flat-lying lim
estones and shales. 

Stream
s that originate in this area are short; they have 

steep slopes and are entrenched as m
uch as 450 ft in 

the upland plain (Schneider, 1966, p. 43). Parts of 
the plateau are thoroughly dissected; how

ever, broad 
plains of virtually unm

odified land rem
ain w

ell 
above the dissecting stream

s. T
he w

estern boundary 
of the D

earborn U
pland is defined by an escarpm

ent 
that m

arks a m
ajor drainage divide betw

een the 
generally w

est-southw
est-flow

ing stream
s of the E

ast 
Fork W

hite R
iver and M

uscatatuck R
iver drainage 

basins and the south and southeast-flow
ing stream

s 
of Indian-K

entuck C
reek and L

aughery C
reek drain 

age basins.

A
 structurally controlled area, referred to as the 

M
uscatatuck R

egional Slope, lies w
est of the D

ear 
born U

pland. 
R

esistant, w
estw

ard-dipping Silurian 
and D

evonian carbonate rocks underlie this gently 
sloping plain. N

ear the O
hio R

iver, the plain slopes 
w

estw
ard from

 875 ft to about 500 ft above sea level 
(M

alott, 1922, p. 87).

T
he M

uscatatuck R
egional Slope subtly grades 

w
estw

ard into the Scottsburg L
ow

land. 
T

he Scotts 
burg L

ow
land is an asym

m
etric trough underlain by 

N
ew

 A
lbany Shale. T

he L
ow

land attains an elevation 
of 500 ft above sea level near the O

hio R
iver and is 

prim
arily an expansive valley of little relief (less than 

75 ft) (Schneider, 1966, p. 45). 
T

he w
estern bound 

ary of the Scottsburg L
ow

land lies at the base of a 
400 to 600-ft high scarp, know

n as the K
nobstone 

E
scarpm

ent (R
. 6 E. in section 12L

-12L
', fig. 82). 

T
he escarpm

ent, one of the m
ost prom

inent topo 
graphic features in Indiana, m

arks the boundary 
betw

een the pre-W
isconsinan drift and the driftless 

area.

The N
orrnan U

pland, a dissected plateau above 
the O

hio R
iver underlain by siltstones interbedded

w
ith soft shales, lies w

est of the escarpm
ent 

(Schneider, 1966, p. 46). T
he area is characterized 

by flat-topped narrow
 divides and steep, V

-shaped 
valleys. T

he w
estern boundary of the N

orm
an 

U
pland extends along a line betw

een deeply dis 
sected clastic rocks and a lim

estone valley plain 
called the M

itchell Plain (M
alott, 1922, p. 93-94).

T
he M

itchell Plain is form
ed on the dip slope 

of a thick sequence of lim
estones. T

he area has low
 

relief and is m
arked by sinkholes and other solution 

features. In a few
 places, the M

itchell Plain is crossed 
by deeply entrenched stream

s, but m
uch of the drain 

age is underground. 
Stream

s generally traverse the 
surface for only a short distance before disappearing 
into sinkholes.

T
he C

raw
ford U

pland, w
est of the M

itchell 
Plain, is characterized by a considerable increase in 
altitude and by a great diversity of relief and land- 
form

s. T
he relief is due to differential erosion of 

alternating beds of sandstone, shale, and lim
estone 

(Schneider, 1966, p. 48). A
bundant stream

 valleys in 
the upland form

 a m
ature drainage system

.

T
he W

abash L
ow

land is the farthest w
est of 

the physiographic regions. 
It is underlain prim

arily 
by sandstone and shale of Pennsylvanian age and is 
characterized by broad aggraded valleys and rounded 
hills. 

T
hick lake (lacustrine) and river (alluvial) 

sedim
ents and outw

ash deposits overlie the bedrock 
in places. A

long the O
hio R

iver are broad, terraced 
valley-fill sedim

ents.

O
ne of the m

ost im
portant hydrogeologic and 

physiographic features of the O
hio R

iver basin is the 
O

hio R
iver valley. 

It is w
idest in the W

abash L
ow

 
land and extends along the entire southern boundary 
of the basin. T

he w
idth of the O

hio R
iver valley in 

Indiana ranges from
 a few

 hundred feet near L
eaven- 

w
orth to about 6 m

i near E
vansville (Pettijohn and 

R
eussow

, 1969, p. 4). 
T

he O
hio R

iver flow
s in only 

a sm
all part of this old glacial drainagew

ay. 
T

he 
drainagew

ay is a deeply entrenched U
-shaped valley 

that is very shallow
 in m

ost places relative to its 
w

idth. T
ributary stream

s drain the valley floor, de 
positing fine-grained alluvium

 over coarse-grained 
outw

ash deposits (Pettijohn and R
eussow

, 1969, 
p. 10).

O
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Figure 78. Location of section lines and w
ells plotted in the O

hio R
iver basin.
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S
urf ace-W

ater H
ydrology

T
he O

hio R
iver is a m

ajor eastern tributary of 
the M

ississippi R
iver and form

s the entire State 
boundary betw

een Indiana and K
entucky. 

T
he total 

drainage area of Indiana stream
s that discharge into 

the O
hio R

iver, excluding the W
abash and W

hitew
ater 

R
iver basins, is 4,224 m

i . T
he L

ow
er O

hio R
iver w

as 
the nam

e given to the Indiana part of the O
hio R

iver 
by the State of Indiana in the State W

ater Plan 
(Pettijohn and R

eussow
, 1969, p. 4), but for the pur 

pose of this report, it w
ill be referred to as the O

hio 
R

iver.M
eandering along Indiana's southern border 

for 357 m
i, the O

hio R
iver flow

s in a general south 
w

esterly direction. 
R

iver segm
ents upstream

 of 
C

annelton follow
 bedrock fractures through m

any 
angled turns. 

T
he river descends 135 ft in elevation 

from
 the eastern side of the basin to the w

estern side, 
resulting in an average gradient of 0.38 ft/m

i. 
T

he 
flow

 of the river is affected by num
erous dam

s 
operated by the U

.S. A
rm

y C
orps of E

ngineers.

r\

T
ributary stream

s w
ith m

ore than 100 m
i 

of 
drainage area that flow

 into the O
hio R

iver are from
 

east to w
est, H

ogan C
reek, w

hich includes the 
N

orth and South Forks (128 m
i2); L

aughery C
reek

0
 

0
(343 m

i ); Indian-K
entuck C

reek (153 m
i ); Fourteen- 

m
ile C

reek (101 m
i2); Silver C

reek (219 m
i2); Indian 

C
reek (257 m

i2); B
lue R

iver (524 m
i2); L

ittle B
lue 

R
iver (172 m

i2); A
nderson R

iver (258 m
i2); L

ittle 
Pigeon C

reek (360 m
i2); and Pigeon C

reek (368 m
i2). 

Som
e of the stream

s (including South H
ogan C

reek, 
Indian-K

entuck C
reek, Silver C

reek, and M
iddle Fork 

of A
nderson R

iver) have gone dry at tim
es during 

m
ost years of record (A

rvin, 1989).

A
ll of the tributary stream

s of the O
hio R

iver 
in Indiana originate w

ithin 30 m
i of the O

hio R
iver, 

w
ith the exception of the B

lue R
iver, w

hich originates 
approxim

ately 52 m
i from

 the O
hio R

iver (M
alott, 

1922, p. 75). Just w
est of M

adison, the drainage 
divide betw

een the O
hio R

iver and the E
ast Fork 

W
hite R

iver is w
ithin 2 m

i of the O
hio R

iver.

G
eology

B
edrock D

eposits

T
he m

ajor geologic structures w
ithin the O

hio 
R

iver basin are the C
incinnati A

rch and the Illinois 
B

asin (fig. 4). 
T

he crest of the C
incinnati A

rch trends 
northw

est and crosses the eastern part of the O
hio 

R
iver basin. 

T
he bedrock at the crest of the arch is 

nearly horizontal. 
W

est and southw
est of the arch 

crest, the rocks dip at an average of 25 ft/m
i into the 

Illinois B
asin (G

utschick, 1966, p. 10).

T
he Paleozoic carbonate rocks that underlie the 

O
hio R

iver basin range in age from
 C

am
brian to 

Pennsylvanian (fig. 5). 
T

he deeply buried C
am

brian 
rocks are com

posed of a sequence of sandstone, shale, 
lim

estone, and dolom
ite. 

Several thousand feet of 
buried O

rdovician rocks overlie the C
am

brian rocks 
(G

ray and others, 1987). 
T

he O
rdovician rocks are 

predom
inantly com

posed of dolom
ite, lim

estone, and 
som

e sandstone. G
round w

ater is not w
ithdraw

n from
 

these rocks because of their depth and because the 
w

ater has high concentrations of dissolved solids.

T
he buried O

rdovician rocks are overlain by the 
O

rdovician L
exington L

im
estone, the oldest exposed 

rock unit in the basin. 
T

his fossiliferous lim
estone 

attains a m
axim

um
 thickness of 256 ft in southeastern 

Indiana (Shaver and others, 1986, p. 78). 
T

he upper 
part of the L

exington L
im

estone is exposed at the 
bedrock surface in discontinuous stretches along the 
banks of the O

hio R
iver in eastern Sw

itzerland C
ounty 

(sections 12J-12J' and 12M
-12M

', fig. 82).

T
he O

rdovician M
aquoketa G

roup, consisting 
of the K

ope, D
illsboro, and W

hitew
ater Form

ations 
(fig. 80) overlies the L

exington L
im

estone. 
T

he K
ope 

Form
ation is a 300- to 400-ft-thick sequence, 

95 percent of w
hich is shale (Shaver and others, 1986, 

p. 72). 
T

he form
ation is exposed m

ainly along the 
low

er reaches of the deeply entrenched stream
s of 

N
orth and South H

ogan C
reeks, L

aughery C
reek, 

Indian-K
entuck C

reek, and along other sm
aller tribu 

taries to the O
hio R

iver. A
 transitional contact 

betw
een the K

ope Form
ation and the overlying 

D
illsboro Form

ation is m
arked by an upw

ard increase 
in the proportion of lim

estone (G
ray, 1972, p. 14). 

T
he D

illsboro Form
ation is a 400-ft-thick sequence

consisting of about 30 percent fossiliferous and clayey 
lim

estones and 70 percent calcareous shale (Shaver 
and others, 1986, p. 37). It is conform

ably overlain by 
the W

hitew
ater Form

ation, w
hich is com

posed of less 
than 60 to 100 ft of bluish-gray lim

estone interbedded 
w

ith calcareous shale (Shaver and others, 1986, 
p. 168). T

he W
hitew

ater Form
ation is exposed in a 

north-northeastern band along the eastern m
argin of 

the basin and in the entrenched headw
aters of 

L
aughery and Indian C

reeks.

T
he W

hitew
ater Form

ation is overlain uncon- 
form

ably by the Silurian B
rassfield L

im
estone, 

Salam
onie D

olom
ite, W

aldron Shale, and L
ouisville 

L
im

estone (fig. 80). T
he B

rassfield L
im

estone con 
sists of 4 to 20 ft of m

edium
- to coarse-grained fossil 

iferous lim
estone containing m

inor am
ounts of shale 

(Shaver and others, 1986, p. 20). 
T

he Salam
onie 

D
olom

ite overlies the B
rassfield L

im
estone and 

consists predom
inantly of lim

estone and dolom
ite 

w
ith m

inor am
ounts of shale and chert. 

T
he Sala 

m
onie D

olom
ite is 0 to 60 ft thick along the eroded 

edges of the outcrop area in southeastern Indiana. T
he 

W
aldron Shale overlies the Salam

onie D
olom

ite and is 
com

posed of about 5 ft of shale that contains siltstone 
and fossiliferous lim

estone beds, w
hich are reeflike in 

m
any places. 

T
he L

ouisville L
im

estone, a fine 
grained, thick-bedded, clayey and dolom

itic lim
estone 

that is approxim
ately 40 to 75 ft thick overlies the 

W
aldron Shale (Shaver and others, 1986, p. 83). 

O
utcrops of the L

ouisville L
im

estone in the south 
eastern part of the basin are overlain unconform

ably 
by the D

evonian M
uscatatuck G

roup (fig. 80).

T
he M

uscatatuck G
roup is com

posed predom
i 

nantly of fine-grained to granular dolom
ite and lim

e 
stone. 

T
he carbonate rocks range from

 pure to sandy 
or shaly. 

T
he low

er part of the M
uscatatuck G

roup 
contains som

e anhydrite and gypsum
 (Shaver and 

others, 1986, p. 99). 
T

he M
uscatatuck G

roup is 
exposed on the w

estern side of the C
incinnati A

rch 
and is zero to m

ore than 250 ft thick in the basin.

O
verlying the M

uscatatuck G
roup is the D

evo 
nian and M

ississippian N
ew

 A
lbany Shale, com

posed 
prim

arily of brow
nish-black, carbon-rich shale and 

greenish-gray shale. 
T

he N
ew

 A
lbany Shale is about 

100 ft thick near its outcrop area in C
lark C

ounty.

R
ocks of M

ississippian age in the O
hio R

iver 
basin include the B

orden, Sanders, B
lue R

iver, W
est 

B
aden, Stephensport, and B

uffalo W
allow

 G
roups 

(fig. 80). 
T

he B
orden G

roup overlies the N
ew

 A
lbany 

Shale and is com
posed prim

arily of gray clayey silt- 
stone and shale w

ith fine sandstone. 
Sparse inter- 

bedded lim
estones form

 discontinuous lenses. 
T

his 
group, extending from

 the O
hio R

iver in southern 
Floyd C

ounty northw
ard, is about 500 ft thick in the 

basin, and has an outcrop w
idth of about 6 to 12 m

i 
w

ithin the east-central part of the basin.

C
arbonate rocks of the Sanders and B

lue R
iver 

G
roups overlie and crop out w

est of the B
orden G

roup. 
A

 com
plex relation am

ong a variety of carbonate rocks 
exists w

ithin the Sanders G
roup (Shaver and others, 

1986, p. 136). 
A

t the base is a m
ixture of fine-grained 

dolom
ite and lim

estone w
ith chert. A

bove these rocks 
lies a sequence of w

ell-cem
ented bioclastic lim

estones 
and dolom

ites. 
T

he thickness of the Sanders G
roup is 

about 120 ft in the outcrop area. T
he B

lue R
iver 

G
roup is com

posed prim
arily of carbonate rocks but 

contains significant am
ounts of gypsum

, anhydrite, 
shale, chert and calcareous sandstone (Shaver and 
others, 1986, p. 16). 

T
he B

lue R
iver G

roup is about 
540 ft thick at outcrops in southern C

raw
ford and 

H
arrison C

ounties.

C
om

plexly interbedded rocks of the W
est 

B
aden, Stepensport, and B

uffalo W
allow

 G
roups 

overlie the B
lue R

iver G
roup. T

he W
est B

aden G
roup 

is com
posed predom

inantly of shale, m
udstone, thin- 

bedded to cross-bedded sandstone, and lim
estone 

(Shaver and others, 1986, p. 16). 
A

long the outcrop 
area in the central part of the basin, the thickness 
ranges from

 100 to 140 ft. T
he Stephensport G

roup, 
w

hich is 130 to 230 ft thick, is com
posed of approxi 

m
ately equal parts of lim

estone, shale, and sandstone 
(Shaver and others, 1986, p. 150). 

T
he B

uffalo 
W

allow
 G

roup consists of a shale, m
udstone, and 

siltstone sequence w
ith thin, laterally extensive beds of 

lim
estone and sandstone (Shaver and others, 1986, 

p. 24). 
Its m

axim
um

 exposed thickness is 270 ft near 
the O

hio R
iver. 

T
he B

uffalo W
allow

 G
roup does not 

crop out north of southw
estern O

range C
ounty because 

it w
as truncated by pre-Pennsylvanian erosion.

O
hio R

iver B
asin 
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Figure 80. B
edrock geology of the O

hio R
iver basin.
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T
he youngest exposed bedrock in the O

hio 
R

iver basin is of Pennsylvanian age (fig. 80). In 
ascending order, the groups that com

pose this rock 
assem

blage are the R
accoon C

reek, C
arbondale, and 

the M
cL

eansboro G
roups. T

he R
accoon C

reek G
roup 

is 95 percent shale and sandstone and 5 percent clay, 
coal, and lim

estone (Shaver and others, 1986, p. 120); 
sm

all am
ounts of chert and sedim

entary iron ore are 
found in the low

er part of the group. T
he shale varies 

from
 soft and nonsilty to hard, silty, and sandy. T

he 
sandstone contains crossbedding and is m

ostly fine 
grained. 

T
he thickness of this group is variable 

because of the irregular unconform
ity betw

een the 
M

ississippian and Pennsylvanian rocks. 
T

he R
accoon 

C
reek G

roup thickens southeastw
ard from

 100 ft in 
w

est-central Indiana to m
ore than 1,000 ft in V

ander- 
burgh C

ounty. 
T

he C
arbondale G

roup consists pri 
m

arily of about 300 ft of shale and sandstone (Shaver 
and others, 1986, p. 27). 

T
he G

roup contains four of 
Indiana's com

m
ercially im

portant coals and som
e thin 

but laterally extensive lim
estones. 

T
he M

cL
eansboro 

G
roup crops out in G

ibson, V
anderburgh, Posey, and 

northw
estern W

arrick C
ounties. Shale and sandstone 

com
prise m

ore than 90 percent of the group (Shaver 
and others, 1986, p. 85-86). 

M
inor am

ounts of silt- 
stone, lim

estone, clay, and coal also are present. T
he 

M
cL

eansboro G
roup is com

posed of the Shelburn, 
Patoka, and B

ond Form
ations.

U
nconsolidated D

eposits

U
nconsolidated deposits w

ithin the O
hio R

iver 
basin are in three distinct regions: an eastern glaciated 
region, a w

estern unglaciated region, and a southern 
river region.

T
he eastern glaciated region is prim

arily east of 
Floyd and W

ashington C
ounties. T

he thickness of the 
U

nconsolidated deposits in the upland area of the 
region is generally less than 50 ft (fig. 81). 

T
he 

m
aterial covering this area is predom

inantly com
posed 

of pre-W
isconsinan loam

 to sandy-loam
 till of the 

Jessup Form
ation and an upland silt com

plex of poorly 
stratified and poorly sorted sand and silt (G

ray, 
1989). T

he upland silt com
plex w

as derived from
 

underlying w
eathered m

aterial and from
 w

indblow
n 

silt (loess). T
he com

position of this m
aterial, and its

topographic location, lim
it its potential as a source of 

ground w
ater. 

A
 surficial deposit know

n as the low
 

land silt com
plex is present in narrow

 valleys of the 
glaciated region (G

ray, 1989). 
T

he com
plex is com

 
posed of poorly stratified sand and silt from

 alluvial, 
colluvial, and w

ind-blow
n m

aterial. E
ven though this 

com
plex m

ay contain som
e favorable m

aterial for 
aquifers, it is not considered to be a reliable source of 
ground w

ater.

T
he U

nconsolidated surficial deposits are less 
than 50 ft thick in the uplands of the w

estern ungla 
ciated region of the basin (fig. 81). T

he unglaciated 
region contains terrace rem

nants of the low
land silt 

com
plex along m

any of its narrow
 m

ajor tributary 
valleys (G

ray, 1989). W
hat differentiates the ungla 

ciated region from
 the glaciated region is the lack of 

till and the presence in the unglaciated region of large 
areas of loess in the upland areas. In m

any places, the 
loess is greater than 5 ft thick.

A
long the O

hio R
iver and in the m

iddle to low
er 

reaches of the m
ajor tributaries, the U

nconsolidated 
deposits are 50 ft to m

ore than 100 ft thick (fig. 81). 
T

he sedim
ent contained w

ithin the O
hio R

iver V
alley 

is m
ostly valley-train m

aterial deposited from
 m

elting 
glaciers. T

his m
aterial is undifferentiated outw

ash 
com

posed of sand and gravel, and it is the m
ajor 

source of ground w
ater in the O

hio R
iver basin. T

he 
outw

ash is com
m

only overlain by m
ore than 10 ft of 

fine-grained sedim
ents. In the low

er to m
iddle reaches 

of m
any of the tributaries are w

etland or lake silts and 
clays. C

overing the outw
ash and slack-w

ater deposits 
in m

any areas is recently deposited alluvium
 com

 
posed of clay, silt, and sand. C

olluvium
 is present 

along som
e of the tributary-valley m

argins.

A
quifer Types

T
hirteen hydrogeologic sections (12A

-12A
' to 

12M
-12M

', fig. 82) w
ere draw

n to show
 the hydro- 

geology of the O
hio R

iver basin. 
H

ydrogeologic 
sections 12A

-12A
' to 12J-12J' (fig. 82) are oriented 

south-north and are roughly perpendicular to the O
hio 

R
iver. T

hese hydrogeologic sections are spaced on 
average 18 m

i apart; the average density of logged 
w

ells plotted along the sections is 0.64 w
ells per m

ile 
(fig. 78). H

ydrogeologic sections 12K
-12K

',

12L
-12L

', and 12M
-12M

' (fig. 82) are oriented w
est- 

east. T
hese sections w

ere spaced 21 m
i apart on 

average; density of w
ells along the sections averages 

0.46 w
ells per m

ile (fig. 78).

B
ecause of the scarcity of w

ater-w
ell logs for 

the O
hio R

iver basin, approxim
ately 20 percent of the 

w
ell logs used w

ere from
 test holes. 

M
any previous 

m
aps and reports w

ere used in the production of these 
sections: 

(G
allaher, 1963a, 1963b, 1963c, 1964a, 

1964b; G
allaher and Price, 1966; Price, 1964a, 1964b, 

1964c;B
assert and H

asenm
ueller, 1979a, 1979b, 

1980; H
asenm

ueller and B
assett, 1980; G

eosciences 
R

esearch A
ssociates, Inc., 1982; B

assett and K
eith, 

1984; G
ray, 1982,1983,1989; G

ray and others, 1987). 
T

hese m
aps and publications w

ere especially helpful 
w

here w
ell logs w

ere scarce or w
ells w

ere shallow
.

U
nconsolidated and bedrock aquifers are used 

as a w
ater source in the O

hio R
iver basin. T

he uncon- 
solidated aquifers are m

apped as buried sand and 
gravel aquifers (fig. 83). 

T
he buried sand and gravel 

aquifer is com
posed of outw

ash and alluvium
 that w

as 
deposited in the O

hio R
iver valley, in low

er reaches of 
the m

ajor tributary valleys, and in glacial lakes. 
T

hroughout the basin, the outw
ash is overlain by m

ore 
than 10 ft of fine-grained sedim

ents; therefore, the 
aquifer type is denoted as "buried" sand and gravel. 
T

he bedrock aquifers w
ere subdivided into sandstone 

aquifers, carbonate bedrock aquifers, an upper 
w

eathered-bedrock aquifer, and a com
plexly inter- 

bedded sandstone, shale, lim
estone, and coal aquifer. 

T
he thicknesses, typical yields, and com

m
on nam

es of 
these aquifer types are show

n in table 14 at the back of 
this section.

U
nconsolidated A

quifers

B
uried Sand and G

ravel A
quifer

A
n extensive zone of buried sand and gravel 

extends along nearly all of the O
hio R

iver basin's 
southern border and along som

e of the low
er reaches 

of the m
ajor tributaries (fig. 83). T

his zone of outw
ash 

and recently deposited alluvium
 is restricted to the 

O
hio R

iver valley. T
he buried sand and gravel aquifer 

is show
n in all 13 hydrogeologic sections (fig. 82).

T
he aquifer is typically 35 ft to 150 ft thick, but it thins 

tow
ard the valley m

argins. It is typically covered by 
10 ft to 30 ft of clay, silt, and fine sand, although these 
fine-grained surface deposits can range from

 0 to 
100 ft in thickness. T

he coarseness of the deposits in 
the O

hio R
iver valley generally increases w

ith depth. 
G

ravel is com
m

on near the bedrock surface, and 
boulders are som

etim
es found (G

allaher and Price, 
1966, p. 44). T

he deposits also becom
e finer w

ith 
distance from

 the O
hio R

iver. 
Sand deposits are thin 

or absent near the valley m
argins. 

M
ost of the valley- 

m
argin deposits consist of a m

ix of fine sand, silt, and 
clay and are com

m
only called "m

ud" or "quicksand" 
by drillers. T

he valley m
argin deposits are show

n on 
the sections as nonaquifer m

aterial because they are 
not generally used for w

ater supply; how
ever, in 

som
e areas, low

-yielding w
ater-bearing units occur. 

G
enerally, w

here a tributary joins the O
hio R

iver, the 
deposits in the tributary valley are fine-grained lake 
deposits and produce w

ater only in som
e locations.

T
he buried sand and gravel deposits in the O

hio 
R

iver valley are the m
ost productive w

ater-bearing 
units in the entire basin and yield the largest supplies 
of ground w

ater. Properly constructed w
ells can yield 

as m
uch as 2,000 gal/m

in, although typical yields are 
generally several hundred gallons per m

inute. T
his 

aquifer is extensively used by m
any of the m

ajor cities 
and industries along the O

hio R
iver (C

lark, 1980).

H
orizontal hydraulic conductivities calculated 

from
 about 100 aquifer tests m

ade in the buried sands 
and gravels along the O

hio R
iver in K

entucky ranged 
from

 about 13 to 375 ft/d; the m
edian w

as 61 ft/d 
(G

allaher and Price, 1966, p. 21). 
Specific capacities 

ranged from
 about 1 to 500 (gal/m

in)/ft w
ith a m

edian 
of 30 (gal/m

in)/ft (G
allaher and Price, 1966, p. 21). 

W
ater levels in the aquifer generally slope tow

ard the 
O

hio R
iver; ground w

ater discharges to the river. 
D

uring flooding, river w
ater can flow

 into the aquifer 
near the stream

 (G
allaher and Price, 1966, p. 12). 

Infiltration of river w
ater can be induced by heavy 

pum
ping in the outw

ash deposits; this infiltration 
reverses the natural pattern of ground-w

ater dis 
charge to the river and enables large sustained w

ell 
yields.
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A
 sm

all buried sand and gravel aquifer in the 
northw

estern part of the basin is about 50 ft thick 
and covers about 40 m

i2 (fig. 83; section 12B
-12B

', 
fig. 82). M

ost of the aquifer m
aterial consists of fine 

sand; how
ever, sm

all deposits of gravel also are 
present. 

T
he aquifer is confined above and below

 
prim

arily by deposits of fine sand, silt, and clay. 
W

here present, the aquifer provides an adequate 
supply of ground w

ater for dom
estic use.

B
edrock A

quifers

T
he bedrock aquifers in the O

hio R
iver basin 

are less productive but m
ore w

idespread than the 
unconsolidated aquifers. 

Several conditions lim
it the 

availability, quantity, and quality of the ground w
ater 

contained w
ithin the bedrock: 

(1) the lack of thick, 
perm

eable, unconsolidated deposits above the bed 
rock throughout m

ost of the basin; (2) low
 hydraulic 

conductivity of m
uch of the bedrock; (3) deep w

ater 
levels; and (4) highly m

ineralized ground w
ater at 

depth.

S
andstone A

quifers

Sandstone aquifers underlie tw
o large areas 

in the w
estern one-half of the basin (fig. 83). 

M
ost 

of the sandstone aquifers are of Pennsylvanian age. 
T

hese thick, laterally discontinuous sandstones 
are show

n in hydrogeologic sections 12A
-12A

', 
12B

-12B
', 12D

-12D
', 12E

-12E
',and 12K

-12K
' 

(fig. 82). 
T

hese sandstones are a dependable source 
of ground w

ater, and they are very im
portant aquifers 

in the w
estern one-half of the basin. 

W
ells in som

e 
of the thick sandstones can yield as m

uch as 
75 gal/m

in (Pettijohn and R
eussow

, 1.969, p. 20); 
how

ever, typical w
ell yields from

 the sandstones are 
1 to 20 gal/m

in.

Som
e of the sandstone aquifers in the far 

w
estern part of the basin have been nam

ed and 
m

apped in previous studies and are show
n, but not 

labeled, on sections in figure 82. 
T

hese sandstone 
aquifers 

include the Inglefield aquifer (B
arnhart and 

M
iddlem

an, 1990, p. 4-7), also know
n as the Ingle- 

field Sandstone aquifer (R
obison, 1977, p. 9) or the 

Patoka aquifer (C
able and W

olf, 1977, p. 14), w
hich

is show
n in the northern part of section 12A

-12A
' 

and the central part of section 12B
-12B

' (fig. 82). 
A

 
second, less im

portant aquifer, the B
usseron Sand 

stone M
em

ber, generally lies at the base of the 
D

anville C
oal M

em
ber (C

oal V
II) (Shaver and 

others, 1986, p. 34; B
arnhart and M

iddlem
an, 1990, 

p. 4). T
he B

usseron Sandstone M
em

ber, (m
apped by 

B
arnhart and M

iddlem
an, 1990, pi. 1) is show

n in the 
northern part (T. 2 S.) of section 12B

-12B
' (fig. 82). 

T
he D

ugger aquifer (C
able and W

olf, 1977, p. 13-15) 
is a discontinuous sandstone aquifer w

ithin the 
D

ugger Form
ation that is present in parts of V

ander- 
burgh, G

ibson, W
arrick, and Pike C

ounties. 
It is 

show
n on the southern part of section 12K

-12K
' just 

above the Springfield C
oal M

em
ber (C

oal V
). M

ajor 
sandstone aquifers are found in the M

ansfield 
Form

ation at the base of the R
accoon C

reek G
roup. 

In V
anderburgh C

ounty, the sandstone aquifers are 
800 to 1,200 ft below

 land surface; the w
ater in these 

deep sandstone aquifers is too m
ineralized to be used 

(C
able and W

olf, 1977, p. 9). Further east in Spencer 
C

ounty, these sandstone aquifers are only several 
hundred feet below

 land surface and can be used as a 
w

ater source. T
hese aquifers are show

n at the base of 
section 12D

-12D
' and near the land surface (above 

the M
ississippian-Pennsylvanian unconform

ity) 
in Perry C

ounty in the northern part of section 
12E

-12E
'(fig. 82).

W
ater-bearing sandstones at the bedrock 

surface, such as those show
n in the central part of 

12B
-12B

' or the northern part of 12E
-12E

' (fig. 82), 
are recharged by precipitation infiltrating through the 
thin soil or glacial cover. 

D
eeper sandstones are 

recharged m
uch m

ore slow
ly by overlying shales and 

siltstones or by lim
estones or coals, w

hich can func 
tion as conduits of flow

 to the sandstones. 
Flow

 in 
the sandstone aquifers could be restricted because of 
their discontinuity and the abundance of surrounding 
shale and siltstone. 

T
he average hydraulic conduc 

tivity of the sandstones in the basin w
as estim

ated to 
be 1.6 ft/d (Pettijohn and R

eussow
 (1969, p. 20).

In general, w
ater quality dim

inishes w
ith 

depth, but the depth to potable ground w
ater is highly 

variable. 
In V

anderburgh C
ounty, freshw

ater w
as 

found in sandstone at depths of m
ore than 500 ft; the 

ground w
ater w

as highly m
ineralized at 800 ft below

land surface (C
able and W

olf, 1977, p. 9, 22). 
L

ocally, ground w
ater can be salty at depths of less 

than 300 ft. In section 12E
-12E

' (fig. 82), a w
ell near 

the intersection of T. 4 S. and T. 5 S. contained 
"saltw

ater" at a depth of about 280 ft.

C
om

plexly Interbedded S
andstone, S

hale, Lim
estone, 

and C
oal A

quifer

A
 com

plexly interbedded sandstone, shale, 
lim

estone, and coal aquifer has been m
apped over the 

w
estern one-half of the basin (fig. 83). 

T
he com

 
plexly interbedded aquifer w

as m
apped as "aq

u
ifer  

potential unknow
n" because its aquifer character 

istics are so w
idely variable throughout the basin. 

T
he aquifer is a poorly productive, secondary source 

of w
ater, yet it is areally and vertically extensive; in 

general, it can supply enough w
ater to support a 

household. 
W

here sandstone aquifers have been 
m

apped (fig. 83), the com
plexly interbedded aquifer 

is typically not used unless the sandstone aquifers are 
very deep (several hundred feet below

 land surface).

T
he com

plexly interbedded aquifer includes 
the W

est B
aden, Stephensport, and B

uffalo W
allow

 
G

roups of M
ississippian age and the R

accoon C
reek, 

C
arbondale, and M

cC
leansboro G

roups of Pennsyl 
vanian age. 

W
here the sandstones are m

apped as 
separate aquifers from

 the com
plex m

aterial (fig. 83), 
then the com

plexly interbedded sandstone, shale, 
lim

estone, and coal aquifer is dom
inated by shale and 

siltstone. 
A

side from
 the m

ajor sandstone bodies, 
shale and siltstone com

pose about 80 percent of the 
bedrock in w

ell logs from
 sections 12A

-12A
' to 

12C
-12C

' (fig. 82); how
ever, large sandstone bodies 

m
ay be present w

here com
plex m

aterial is show
n 

w
ith no w

ell log inform
ation. 

Shale and siltstone, 
even though w

idespread, are not the prim
ary w

ater 
bearing units in the com

plex aquifer. 
A

lthough som
e 

w
ell logs note shale and sandy shale as w

ater bearing, 
about one-half of the w

ell logs indicate that w
ater is 

derived from
 thin (less than 10 ft), discontinuous 

sandstone bodies (not show
n on the sections). 

T
he 

rem
aining w

ells get w
ater from

 coal and lim
estone.

M
ost w

ells are uncased throughout the bedrock 
and, therefore, can produce w

ater from
 several low

- 
yielding units that are penetrated by the w

ell. 
Y

ields 
of w

ells in the com
plex m

aterial range from
 0 to

about 20 gal/m
in. 

C
om

m
only, yields are less than 

2 gal/m
in.

C
arbonate B

edrock A
quifers

L
im

estones and dolom
ites of Silurian, D

evo 
nian, and M

ississippian age are another source of 
ground w

ater in the O
hio R

iver basin. 
T

he M
issis 

sippian carbonate rocks, consisting of the B
lue R

iver 
and Sanders G

roups, are the m
ost extensive and 

thickest of the carbonate bedrock aquifers in the O
hio 

R
iver basin. 

T
hey underlie m

ost of Perry, C
raw

ford, 
and H

arrison C
ounties and the w

estern one-half of 
W

ashington C
ounty (fig. 83). 

T
hese thick, m

assive 
M

ississippian carbonate bedrock aquifers are show
n 

in hydrogeologic sections 12F
-12F

', 12G
-12G

', the 
eastern part of 12K

-12K
', and the w

estern part of 
12L

-12L
' (fig. 82). 

In w
estern Perry and C

raw
ford 

C
ounties, the carbonate rocks are overlain by younger 

com
plexly interbedded rocks.

W
ells in the M

ississippian carbonate rocks 
have yields of 1 to 100 gal/m

in; typical yields are 3 to 
15 gal/m

in (B
echert and H

eckard, 1966; Pettijohn 
and R

eussow
, 1969; C

lark, 1980). 
T

hese m
oderate 

yields are attributed to the presence of highly trans- 
m

issive solution features, joints, cracks, and bedding 
planes (fig. 9b). M

ost of the solution features and 
greatest perm

eabilities are in the B
lue R

iver G
roup, 

w
hich constitutes the upper tw

o-thirds of the car 
bonate bedrock aquifer. 

L
ow

 w
ell yields and dry 

holes are com
m

on w
here the aquifer thins tow

ard the 
east, as show

n along R
. 5 E. of section 12L

-12L
' 

(fig. 82). Several spring horizons have form
ed w

ithin 
the M

ississippian lim
estones w

here perm
eable 

lim
estone overlies relatively im

perm
eable lim

estone.

T
he Silurian-D

evonian carbonate bedrock 
aquifer is in the east-central part of the O

hio R
iver 

basin in C
lark, Jefferson, and R

ipley C
ounties 

(fig. 83). 
T

he aquifer can be seen in hydrogeologic 
sections 12H

-12H
' and the far eastern part of 

12L
-12L

' (fig. 82). 
M

ost of the extractable ground 
w

ater w
ithin the carbonate rocks is in joint planes, 

fractures, and solution features. 
T

he carbonate rocks 
identified as an aquifer are a reliable source of ground 
w

ater, and w
ell yields are generally less than 

20 gal/m
in (B

echert, and H
eckard, 1966; Pettijohn 

and R
eussow

, 1969; C
lark, 1980).

O
hio R

iver B
asin 
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B
ase from

 U
.S. G

eological S
urvey 

S
tate B

ase M
ap, 1:500,000.1974

Figure 81, Thickness of unconsolidated deposits in the O
hio R

iver basin.
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T
he eastern edge of the Silurian-D

evonian 
carbonate bedrock aquifer, w

here only the low
er 

part of the Silurian carbonate rocks rem
ain, is 

m
apped as "aquifer potential unknow

n." (See 
the eastern part of section 121-121' and the w

estern 
part of section 12M

-12M
'; fig. 82). W

ell yields 
are highly variable, and dry holes are com

m
on. 

M
any w

ells that produce w
ater in this area are on 

lineam
ents and fracture traces (G

reem
an, 1981; 

1983). 
L

ineam
ents and fracture traces are 

com
m

only surface expressions of subsurface 
fractures and solution features. 

Y
ields of w

ells 
that intersect these fractures are usually less than 
20 gal/m

in; holes can be dry if they do not intersect 
a fracture. 

A
nother source of w

ater w
ithin the 

Silurian carbonate bedrock aquifer is from
 m

inor

solution features at the O
rdovician-Silurian 

unconform
ity.

U
pper W

eathered-B
edrock A

quifer

A
n upper w

eathered-bedrock aquifer in 
shales and siltstones underlies W

ashington, 
C

lark, and Floyd C
ounties in the east-central part 

of the basin (fig. 83). T
he aquifer, com

posed of 
the D

evonian and M
ississippian N

ew
 A

lbany 
Shale and B

orden G
roup, lies betw

een Silurian- 
D

evonian carbonate rocks and M
ississippian 

carbonate rocks (section 12L
-12L

', fig. 82). 
T

he 
w

eathered bedrock w
as m

apped as "aq
u

ifer  
potential unknow

n" because of the low
 w

ater- 
yielding character of the rocks and the frequency 
of dry holes reported by w

ell drillers. 
G

round

w
ater is obtained from

 joints and bedding planes 
that are com

m
on in the upper 50 to 100 ft w

here the 
perm

eability has been enhanced by w
eathering. 

T
he w

eathered shales (section 12H
-12H

', fig. 82) 
appear to be better w

ater producers than the 
w

eathered siltstones, possibly because of better 
developm

ent of bedding planes in the shales.

T
he upper w

eathered-bedrock aquifer is a 
useful aquifer only w

here it is at or very near the 
bedrock surface. A

t depth, the shales and siltstones 
are not considered an aquifer because they yield 
very little or no w

ater because of low
 perm

eabilities 
and lim

ited recharge. 
In addition, the productive 

M
ississippian carbonate bedrock aquifer is avail 

able at shallow
 depths.

G
enerally N

onaquifer M
aterial

N
o bedrock aquifer is present in the far eastern 

part of the basin (fig. 83). Furtherm
ore, few

 unconsol- 
idated deposits overlie the bedrock, w

hich consists 
predom

inantly of O
rdovician shale and lim

estone. 
M

ost of the shale in the O
rdovician bedrock is soft and 

does not enable joints to develop; therefore, perm
eabil 

ities in the O
rdovician rock are low

 (G
ray, 1972, 

p. 22). C
onventional w

ater w
ells are rare in this area 

(sections 12J-12J' and 12M
-12M

', fig. 82); m
ost 

people living there obtain drinking w
ater from

 cisterns, 
sm

all reservoirs, large-diam
eter bucket-rig w

ells, the 
O

hio R
iver, or rural w

ater utilities w
hich obtain 

ground w
ater from

 the alluvium
 along the O

hio R
iver 

(C
lark, 1980; W

.J. Steen, Indiana D
epartm

ent of 
N

atural R
esources, w

ritten com
rnun., 1991).

O
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R
.1 W

.
R

.1 E.

E
A

S
T

W
E

S
T

E
A

S
T

IU
/2

W

2
0

0
3
5
0

4
5
0

3
5
0

S
um

m
ary

^
T

he O
hio R

iver basin encom
passes 4,224 m

i 
of 

southern Indiana. T
he oldest exposed rocks in the 

basin (O
rdovician in age) are in the eastern part of the 

basin and the youngest rocks (Pennsylvanian in age) 
are exposed in the w

estern part of the basin. T
hese 

Paleozoic rocks are covered by as m
uch as 100 ft of 

loam
 to sandy-loam

 till, lake silt and clay, alluvium
, 

loess, and outw
ash sand and gravel deposits.

Five aquifer types w
ere delineated in the O

hio 
R

iver basin: 
(1) buried sand and gravel, (2) sand 

stones of Pennsylvanian age, (3) com
plexly inter- 

bedded sandstone, shale, lim
estone, and coal, 

(4) lim
estone and dolom

ite of Silurian, D
evonian, 

and M
ississippian age, and (5) an upper w

eathered 
zone of siltstone and shale. B

uried sand and gravel is 
found prim

arily in the O
hio R

iver valley. 
T

he sand

and gravel yields the largest supply of ground w
ater 

for the basin; w
ell yields typically range from

 10 to 
1,000 gal/m

in. T
he bedrock aquifers are a less 

productive supply of ground w
ater for the basin and 

generally support only dom
estic use. 

W
ell yields 

from
 the bedrock aquifers norm

ally range from
 0 to 

20 gal/m
in. T

he highest yields from
 bedrock com

e 
from

 the sandstone and carbonate bedrock aquifers. 
T

he com
plexly interbedded aquifer, upper 

w
eathered-bedrock aquifer, and the eastern edge of 

the Silurian-D
evonian carbonate bedrock aquifer 

w
ere all m

apped as "aquifer potential unknow
n." 

T
hese areas are characterized by generally low

 yields 
(less than 5 gal/m

in) and dry holes. 
T

he eastern end 
of the basin contains no m

appable aquifer.

Four factors greatly lim
it the distribution, 

quantity, and quality of the ground w
ater contained

w
ithin the O

hio R
iver basin: 

(1) the lack of thick, 
perm

eable unconsolidated deposits over m
ost of the 

basin, (2) low
 hydraulic conductivity of the bedrock, 

(3) deep w
ater levels, and (4) highly m

ineralized 
ground w

ater at depth.
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Table 14. 
C

haracteristics of aquifer types in the O
hio R

iver basin
[L

ocations of aquifer types show
n in fig. 83]

A
quifer type

T
hickness
(feet)

R
ange of yield 
(gallons per 

m
inute)

C
om

m
on nam

e(s)

B
uried sand and gravel

Sandstone

C
om

plexly interbedded 
sandstone, shale lim

estone, 
and coal

C
arbonate bedrock 

M
ississippian 

S ilurian-D
evonian

U
pper w

eathered bedrock

35-150

10- 50

4'510-1,000

1,2,3,4,6

highly variable7

1- 
75

0- 
20

100-600 

50-250

50-100

10020

1,4,6, '0-

O
hio R

iver sand and gravel1; 
valley train deposits3; alluvial 
deposits5

Inglefield Sandstone M
em

ber ; 
L

inton, D
ugger, and Patoka 

aquifers

W
est B

aden, Stephensport, 
B

uffalo W
allow

, R
accoon C

reek, 
C

arbondale, and M
cC

leansboro 
G

roups8

B
lue R

iver and Sanders G
roups

M
uscatatuck G

roup through 
L

ouisville L
im

estone

N
ew

 A
lbany Shale and B

orden 
G

roup8

'C
lark, 1980.

2C
able and W

olf, 1977.
3R

obison, 1977.
4B

echert and H
eckard, 1966.

5G
allaher and Price, 1966.

6P
ettijohn and R

eussow
, 1969.

7W
ater com

m
only found in thin beds w

ithin com
plexly interbedded sequence.

8Shaver and others, 1986.
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